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ABSTRACT

This two-volume series serves as guidance to managenent and to
architects and engineers engaged in facility design at Fort Detrick.
Volume II is intended primarily for use by the latter in designing
new or modified microbiological facilities for Fort Detrick. It is
divided into six sections, corresponding to the normal division of
design work: architectural.; heating, ventilation, and air-conditioning;
piping; equipm'nt and accessoriies; electrical" and instrumentation and
controls. Each section is designed to be largtLy self-contained for
the use of the individual specialists involved. A detailed Table of
Contents, an alphabetical Subject Index, numerous illustrations, a
Glossary, and supporting appendixes also are included.
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FORT DE-TRICK VOLUME 1

1DCS TCIN TITRIA FORLEORD

FOREWORD

This if Voli11ne ii of a t.o-voluWIe KMnual of Design Criteria, based
mainly on biologici)a, safety considerations. It has been prepared for
the use of architect-engjineevrs in designing new or modified microbiological
facili.ties for Port Detrick. Volume II is divided iato six sections,
corresponding to the normal division of design work in an engineering
office. Each section is addressed to the specialist in a given field
and is largoly self -contained, so that hie nay employ it without having
to read the other sections except as directed to them by cross-references.

This watual ij not intended to duplicate standards and criteria

liormnlly p,_:sa ,nd by the architect-engineer. However, some information

oi FoIrit DeLit.ign practices itot related to safety appears at the t
cod of mot of the individual sections, Finally, the Guide Specifications
and Engin -iinig Manu.l of the Corps of Engineers, Department of the Army, t
are to be uksed in the d.sign and preparation of plans and specifications
to thu exLtnt applicable.

This wainuial supersedes the manual "Technical Requirements for the
Desiga of Bacteriological Facilities, Fort Detrick, Maryland" datted
I May 1961, whLch in turn superseded a manual prepared initially in

1952.

An alphabetical Subject index at the front of this voluw,• is princed
on yellow,, pitpcc. A detailed Table of Contents (on yellow papcr), inc)ldingp
a jist of plates,;, appears at the front of each section- The platas are i

print-ed on blhe paoper and are inserted at the back of the individual
.ectioni to which they are related. A complete list of plates precedes
the subject index. A glossary (on yellow paper) follcws Section 6, and

is followed by the appendixes (on white paper).
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tAbsolute Filter - see IEPA Filter
- Access to Attic Spaces .............. 1.10

"Access to Roofs ................ . 1.10
Access to Utility Rooms ............ 1.10
Access to Waste Collection Treatment Rooms ... 1.10

.I Acoustical Ceilings .... ............... 1.30
"Air, Compressed ......... ................. ... 3.12k * Air Conditioning Supply, System Comp.mients 2.28

"LAir, Dry Compressed 3.17
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Alarm System. Biological Spill ........... 13
Ala•m SyQrtetm Posr-Uide .............

Alarm System, Security ..................... . 5.1L,

Anchors ............ ..................... .1.25
Animal Cage Raks................................1.15, 2.16. 4.12
Animal Cages ............ ................... .1.16, 2.16, 4.11
Animal Holding Cabinets ..... ............. ... 4.10

Animal Holding Rooms ......... ............... .1.13, J.J5J 3.25
ARCHITECTURA.L AND STRUCTURAkL, Table of Contents 1. 1
Armor Plate ......... ................... ..111, 1.21 1.26
Attic ......... ...................... . 10., 1.20
Autoclave - see Sterilizer
Automatic Timers ..... ................. 5.12

A BckFlow Preventer. .. ............................. . 13 6.6
SBacterial Filter ............................... 2.14, 2.22, 3.16

I Balances ... ............ . ................ 4.21
;I Barriers 1.8I•t* 1.8, 1.1 1.22,

Barriers, Ultraviolet .. .............
1.26, 5.7

li Biological Filters - see Bacterial Filters
Biological Safety Cabinet, Class I ............ 1.29, 4.7 5.10
Biological Safety Cabinet, Class III ... .... .. 1.29, 4_ 4.22,

5.10

* Underlining indicates principal reference.
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FORT DETRICK ARC)IIITECTUXAA,
DESIGN CRITERIA 1 -00

SECGTI ON I

AUR~iRCTIJXVRAL ANID STRUCTURAL[1-00 INTRODU2TON

A. Scope

* ~~This svect ioa is iiddresst'd pr iml.-rily to t~hese atisli [teet-engtneering
personnel Coincerned sp)ecifical1ly with the archit-ectural and structural
engineering and de-sign of microbiological facilities ait Fort Detrick.

* It appl ies to newJ faidlit ics, andc to modiftuicti ens and add itionis to
* existing facilities, bloat of thev section deals with architoctuaral

features, and a much smaller part with st-ructural.

lie state here, as in every nection, that thie ptirpose oi this
manual is to present special design criteria based primarily ont bia-
logical safety considerat ions;. It ± 11not ilten-Ided to dt1iplULCdt the i uindI
of standards and criteria normalIly possessed by the rhttc1enier
However, a sub-sc-ction of Fort Detrick Design Practices niot related to
safety conlsiderations is given at the (Ind of thi~s section. lIn iidditioii,

Aprwuirix A litii-s a number of F-ort Dt-triek Purchiae De script ions anod

As described inl Volumec ] , Fort IDet~rick c:ontains a variety ci.
facilitie's, boC.11 (it,' Ldl)ol.lt0it-,, p; lot plan~ts, te.St 01ham'bers, fillfilug
lines, ;torage areas and oilier a. Thiiis wmitanla I p rsen Isthe e Ll Icr in-r
thait- al I ofi these, Lacil Ui.1 tis ave inl common. To ive Id vagueness, tmany

()f LLIC 17,via ;i ~t. d h terms, rot t-,o at r -u l ii ý but th4,is,

shJouild tic t be takenr to mcan that they ar(e not -jeralapicbe

*Wtt oit 1 011 txc'Xk'tt 1011S , ti11C Vi'tj ii trlteiltS, pectli tar t cI aczic typeý o [

facility are riot cocvi ed inl (tis watinal.

B1. tCltVvvýio5 z an 00 ul odifiicat. Ioust

The appli at inn oli thl cr it erin presenteOd lie ye to I he de(signl it flWW
fACiIit ic a genera1l}'v'iI be st ia i git forwavkd. however , minny project s
involve the coilevt'l- S or 01 ico f Ii~t ti tof Vi xi tLogUI se 11li it'sox. Since

ths acil 1.1 is were: bu~ilt tiiz2re IMNte beenl ClUit.iVg 11 nI iec10 CIijten i,
ba edn tethnicileI iIIneVa I ion; or operatitng experiecuco. A.-- it result
i Sinlpor0taiit for theC SM1s 111t0f uh.mdificýOit iou; to.- (iXerItiso

Judgment anill ijexihl~ihty ill aN) lyl LIp tilt' ellvl Cr1 101 Ia. 'Sotiii of the
pote(lit iI 1 ucb Q1, esWill be, is' solved by L`10' specif IC C i~tlra Ct Sc cite of
Work icr: the indilvi dual proje e t, or: by' (4lie i: go Iidanee l cI IV ii 1C by} t hit

C. Organliziation Of ec In1

* - TheVi iretwtloden Of Ilii.- svt kmio is diivi11cr.! injto til' olown usalii

2/66 L
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FORT DJETRICK Al%'C11lTECTURAL
DE'SIGN C~IMERIA 1-00 C

1, .Layout iind traffic
2. Non-conjtWminaLted O16
3. Contam~nated roomi)
4. Building st~ructure
5. At chi~tectUral components
6. Special materialti of COWIitimct~ion
7 . Voqu ired l.aborat~vry cq(ut 1 'etflq,

8. Fort Detrick design pra,ýtices

1-01. LAYOUT AND TRAFFIC

A. Principles of control

1. Each building is divided ilato contaminated and non-contamilnated
areas, anid the contaminated area is sub-dividerl into areas of different

dugrev-s of contawinationi.I

2, Barriers such ats air locks, sterilizerti, disitnfectanta showers,
and ultraviolet ins~tallations are provided bietween COntZMinlAted and non-
contaminated areas, and betwoen areas of diffe~rent- dogree Of contamii-
nation.

4. For the protection of laboratory cxperiiL..tLts, work areas are
protecteid from beting cont-aminated by ext.raae~uq organisms or dust

particles.

5. Kiterials of construct.ion, surlfacC filln 1Se anld deLSilgn1 iteatirteS
arc ).ýCI QC I.(2 1 '.1 va., alLJ Vuf lect i.VL`WS: Of dtŽCVL0t am I ICL IoIl .1kid to p10-j
Vide effect ive harriers.

B,. ltlustrative Layout: Plate Nýo. 1.1 Is it leayout which illustrates
r1alny Of Lilt feat ures described In sub- sections 1-01 , 1-02 and 1-03;
however, there is no re~quirement [hatIt a 1Uildilig haVe all thie featuves
shown.

C. Filtran~es

1. Personniel Entrance,

a . All build tug pvrsoutiin anid'visi tort, (not. ivchtdinig Service
deli verius) euILer at. a wain ent mmcv, duor and pass thro 'gh a vehstibuli'i
into the recept ion nrea. Enltry to the c(Lt-flmina ted areat is Only
[ll:)lirllgh Cila Ilge YU011 (SCA' 1-01 1) below) . Vi.sit oc: clue ekh illn ILL th
ma in of Uye , which is adjacent to the chzinge,( room illtraluce.

b. The entranfce corridor has provitiiou for a &igii-in and

2/66 ---- j



FORT DETIRICK ARCHITECTURAL
DESIGN (:RI'IERIA 1-01 C

sign-out board and a building directory.

2, Service Entrance

a. An exterior service entrance shall be provided for re-
ceiving laboratory supplies, clean laundry, clean animals, and animal
feed and for the removal of soiled laundry, cage litter, and the like
after it has been sterilized. The area inmmediately inside of the I
service entrance shall be kept clear of other equipment inasmuch as

all bulky items will be brought into the building at this point.

b. At the service entrance there shall be a non-contaminated
receiving and storage area separated from the contaminated portion of

KZ - the building by an ultraviolet air lock. In some instances one room
"j. may serve both purposes; in other instances separate rooms will be

needed for receiving and storage, respectively. The receiving area
should include space for feed storage, cage bedding, cage washer handlin$,

- .-. etc..

c, lo move supplies into the contaminated area, they are placed
"in the U.V. air lock. The supplies are then removed from the air lock
by personnel working on the contaminated side. The thru-the-wall bulk
sterilizers (see paragraph o imnediately below) are sometimes used as an J.
air lock to pass nraterial from the non-contaminated to the contaminated
side. V

d. No personnel traffic through the air lock, in either dir-.

ection, is permitted. No passage of material through the air lock from -

the contaminated side to the non-contaiiittiated side is permitted except
for special cases where large objects have been duecontaminated within
the air lock itself.

re. Adjoinin ,g lit' no"-u'ontawiin•ted receiving nr-ca, or tehe n1ui-con-
tumnu ea"d -ox Idur ser\,iug it, but separated by a solid par-iiLion shiail
be a contaminated reccivin'g room. Between this room and the non-contaam.-
nared recelving arca Lhil' shial l be a tihru--tle-wall double-door autoclave
large enough for 32-gallon refuse catns, and a double-door gas sterilizer
for apparatus which Veeds to be decontaminated with gas before being
sent out of the build-ing,. See 4-06 B, EQUIIPMENT, for sterilizer re-
quirmvuts.

f. Alongside tle double-door auteclave and gas (ethylene oxide)
stterilizer which project through the common wall ol the non-coxtaminated
and coot amlnated service rtomsn., there shatill be a viewing window (at least
24 x 36 inches) wtlh a plastic speaking diapL.ragm as described in 1-05 F

forV cutmmun i cat lng wit. hi the lion-conLtaini •nated servi cce of storer-oom.i,

U, A ioom or spac" dtirect'ly ace'ssible Wlon the svrvice un-
t trance shall tie provided for holding clean anfinals, clean cages, or other

c lan maLt cia s.

2/"I1,•
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FORT DET RICK ARCHITECTURAL
DE.-SIGN CRITERIA -0.c I

3. Access to Waste Cotlectiiui Tresýtaietit Rooms: Access to the liquid
waste collection treatment roomR is trots the( contamiinated1 area within the
building, through a standard tilt rav tolet ;Air loc:k as described in. subh-
section 5-03 B, ELECTRICAL (see ols-o 3 - 01 i 1., PIPING).

4. Access to Utility Rooms

Sa. Direct access shall 1w provided from exterior to utility rooms

i by~means of double-doors (see 1-0O5 A-1)).

Y. b. In addition to --he -.olidt dIoin.', ut lUity room ezcerior door-
47. Ways should be provided with doors; ti Wt)Vtes Vij-: 11c0!0 set ini small channel I

iiron framnes to prevent unauthort'.4ed accesis t-u vloctrircal equipment there-
in and to provide a m-eatts of ventilatten, When necessary. Thlese doors
shall, be provided with master keyed lticks a!. spiteutfied lot exterior doors.j

5. Access to Attic: In add~t it to 4 t'itii IIitegnyei
access to and from attic spaces shall bi! prov~idled Lit accordance wi th the
following:j

'Ca. Normal a~ccess shall be providied diiectly fromi exterior of

1 building to aLtic space by interilor: -io i,L~wltv.ýiA tt lue non-cotiitiitirated at/bi. Access snail bc jjtoviL1t-d l its I it: spaice to exterior of
Ibuilding toc permit removal of lage((jttijll jisOt . A mionorail systemi of

2I rated capacity shall he prov idet above 0 1" tMelix'ti s to taric1 it-ate this

work.

6. Access to Roofs: Access froiri buldlulig interior to roofs shall. be
. .provided as, directed by thv Cove rnieutn..

* II ~7. OtdeStailrs anid Flui sxrc ic' Citl I be not oult -ide stair-I
W: ty loY t g(i ground. Fiit t-ýi .1 1 .tjb-•~ ir ul

¶ elevated fronu the ground to pivoi acc- to ioots oi attic by rodents,

D. Change Roomis

- , I J 'fy)Ieal Arrnnvieuton t A t-yp ic ii [ it ' t oi' chlange roomsb is

shown on Plate No. 1.2.

Personnel assigned to woikl iiý. thi-cone~tatmitnfated laboratories are
re qu ired t~o ent~er the c lea LI Chitlij, iii; totiii 1,rtt tilt,' loldidng's Uint- eon Lami-

nated corridor and chiange from their st eelt cl othing to laboratory
clothing prior to en turing, the eunitaiMno tvI e' ]aborzt ory area . (Thcwsv sante¶
locker and toilo t facilities arc also sd by 1.1Le pet-rsoniie I assigneld Ito

wor~k in the clcall off ices and nuna-runtacii inatc (' aboratur U's) . After

J the contamius teLd laboratory &itea tlin tighi ulti tilt i av (olti air luck and then
* th~Grough the other toilet and ehlmitigoi' toiu s vt the cmntain aLned labora-0 tt eo Iave I oum-aun I cat ion f UtiS the chantge. room ni%-l thc contanminaLc

side; to thbe locker and toilet oemvn Ott it'w ecacn side is inut) permitted

.10
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"..,thoct iirst discarding all laboratory clothing and placing it in ultra-
siol et-:it jelled discard clothing racks (see Plates No. 1.3 and 1.4) pro-
v Lded izi the contaainatecd change rooms, and thein showering.

2. Locker Room Equipment: Locker rooms or corridors on the non-
,o~itaminated side of change rooms shall have racks for overcoats. The
n,m:-cuntatnijm ted change room shall have clothing lockers, shelves for
•tc,-ao clnthing, shoe racks, benches for seating, and space for a cleanl
laundry bag. The contaminated change room shall have clothing hooks,
U.V. shoe rack (see Plate No. 1.5), U.V. clothing discard rack, and
benches foýr seatinAg. In any building in which ticks will he studied,
"the contaminated change room shall have a full-length mirror.

3. Ventilated Suit Area: Personnel access from a less contaminated
"4 .4 area Lo a ventilated suit area (see 1-03 B, below), shall be through

change rouom and decontamination facilities arranged in the following
order: a room for the personnel to change from their laboratory clothing
to ocher under clothing worn with the ventilated suits; a IT,V. air lock
or U.V. door berrier depending upon the operations; a suit dressing
room for the storage, dressing, and undressing of ventilated suits; a
room or space for drying the ventilated suits; and a disinfectant shower

-, compartment. Local toilet facilities are not provided for these smaller
change faciliLieb.

c' E. Air Lecks

1. U?: U.V, air locks, as illustrated on Plates No. 1.6 and 1.7,
* shall he prividid in corridors where separation betweeni non-contaminated

and contiw•.itlttaed areas is required. Typical examples are: between
non-conti-n;i',ct t service receiving area (or adjoining corridor) and
con taminated Let:tice receiving room, and between thILe non-colLtaminated
and contaetira'.ee side of the change rooms. A U.V. air lock is re-
Squired ont tin, leoss contamitnated side of the.u disintfectant shower leadinig

an n•- 'O 1r.il- t! '.11) L area.

2 l., .u11c:Th lengthl of nir locks may vary depending uipon the
dimension: k m.hc trraffic, -uch as carts and cage racks to be bandled,
in conjti-:tcr•i with ti1e requirement that only one door shall he open
at any tic,-. Air joks at service cntraznces, or between non-contaminated
and contamninated r.. cc vinp, rooms (or corridors serving these rooms) shiall
be ten (10) f'tmet inmtiuult in lextgtlh inside,

3. Dl2ours: Door,; to air locks, unless otherwise directed, shall be
,i nglc swi .; 2! inches wide, equipped with AuLtonat ic door closer, aiu
armor 1l.'at- :zd ::s described itt 1-05 A.6 and Plate No. 1.14, and a
st andard si'c jta!.tic speaking diaphragm as specified under sub-sectton1-05 F. '11

4. U.V, barriers: Utnless otherwise di recLed,, air locks sludlL have
an ultraviolet door-barrier (.see Plate No. 1.8) at tlh contamitiated end
and ultravio0Ct ceiling fixttures conforming with the requirements l

" t~:1



P311 DEIRICK ARCHITECTURALDESi.'ýJ, CRITERIA 1-01 E

sub-section 5-03, ELECTRICAL. The U.V. door barrier may be omitted
for air locks serving rooms (other than pilot plant units) in which .

all the equipment is housed in gastight cabinets.

5. Floor Drainage: Air lock floors shall slope toward the more
contaminated rooma or corridor for drainage pucposes.

1-02 NON-CONTAMINATED ROOMS

A. List of Rooms

i. The main non-contaminated area will include some or all of the
following rooms:

Entrance corridor
Receptior area

Change room(s)
Main office
Laboratory Director's officeA

Other offices
Conference rooms and vaults
Lunch room
Y'ecei1V~u ariUd storage
Cage washing F
Animal holding
r lassware washing
Laboratories
Janitor closets
Connecting corridors P
Lava~ory

2. Othe,' non-contaminated areas, which in general will be separate
from the main area, include the following: t

Atkic (for 11V&AC and other equipment)
ULility equipment room(s)

B. Requirements

1. Nain Office: The main office has provision for storage of records,
files, and photographs, and controls for the building's communications.

2. Office Space: The amount of space for non-contaminated offices
and laboratories may be varied according to need.

3. Vilewing panels and Spea~ktrg Dia2phragms

a. Except for a r~caled crash door, no coimlitni-cating door is
permitted direcly from the Pon -contaminated to the contanitnated areas.

Instead, a viewing panel and a speaking diaphragm shall be provided in
the corridor partition separating these areas (see 1-05 F and Plate
Wo. I. 1).

3/68_ _
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b . ViCAing 1),1110l .11d Npe-aking diaphragins an c rLequ ired between
the rion- contain inatOed se~cretarial 1 OffICeS and (i10 cont~aminated offices or
contaminated corridor.

4. flecontamination of Papers, etc., Between theL non-cont-AminateCd
offices and the contam~inated oiffices or contaninaited corridor there
shall. he a single IY~e (10coil Lamitia Liol U.V. Chamber (see Fort Detrick
Drawing No. F-93-1-6714) , and a gas sterilizer (see Plate- No. 4.13) for
overnight decontaminatioa of books and other articles.

S. Lunccn Room, Tile lunch room *boul~d have a refrigerator anid, Where
feasible, a kitchenette unit for mneal preparation.

in6. Conference Roomo and Vaults- The Government shiall lie consulted

inthe design of all conterence rooms and vaultzs.

7. Non-Contaminated Auin;iial. Hodi A roomn for hiolding clean ninmalIs,
clean cages, and other clean wateicials shall be provided direc~tly ac -
cessible from the noa-contami~nated receiving service corridor.

8. Glassware. Washing Room

Thle. lasswE're washing room maty lou cvntrally loc-ated withbin
the contaminated area of the laboratory rooms, or tlioru may be onec glas:;-
Ware. Washinfg roomi in the nonl- CO1t;Allina lt: d a rcaZ t o S ievVC oile or see\'Cf
contaminated laboratory sultes that rve isolated from each other by
a ir locks and non-coviL amina t cc corridors. Ani a rC1Ii tee turaIL - cog i neer hulg
study should be imade to determinie vhiich is preferable. 11- geneoral, the
liarter Ohe nuimber of coutaiminated laboratory si tesý: the inurt ecollomincal
it: wil 11be t.) ohave one. 1on- contailina Lcd ejassxwace waishintg center tol
serve all of them.

1). AllI laborattory Vlassware should be Stl' riliizvd be fore be"Il,
rcunoved A. LQIII 11tv 1e-0ti fo Fl 1' 1 in the old 5 sware washiiiug
roomi. 1'rovision shall be mado for lhe. sto~rage of Cleanled laboratory

glassware.

c . In si ziugý the gl suaeiash ing roomn, consideration -Should
be gi. jen to the iay rvasilug use of di sposable gla sswa-c, hypodermic sy'ri-WogtŽ 5

and plaStic itemns.

9. Cage Vashllsn Room

a.Tile Cage washing roomi is better l ocated inl the nlot-cointamii-
nat ed area ad jacen t to t~hc conLaminated aniual 170room1,. A l es5ds (.i rabl i

loceat ion is adjaccnL to tihe animlal room" ill a Conlitai llItecII area, Inl
Ci thor ca sk" all Cages f rom thec con tarn iiiuat(d aniiri in rooms IiAl1 b1' a iiLO-
e lax'cd i''etoreC ct'ilUitami nat td Oi51.1l cxk-ict '11' and~ilp bd inaleo ImcuoVed, anld

* b~letore they enic~r a nion -contanii naLt~ edCorr idor or the cage, wa shi hug room11
(sete Plate!; No. 1 .9 and 1 .10).

2/6 6 L__________ 
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1) Ani ar c I t:4ý( t nra 1- eng inote- rilg s;kI. uv hon Id be ItIv ade 1o ie -
terwine whee thor the c.1'4, washte lug j bettLer locaIted ill tilt contaminlated
arce' or in thet Iron - coUtanfin ted a ca. In genielal1, tire me re contlaminat~ed
laboratory suiites as desci iled int) (ie proceding parar-raph thl-t there are
in a buildinog, t-li( move ecovoliatlCl it. will. be Lo hrave one noni-contaminatLed
calge Washing center to, serve cr11 of them.

c .The caS may move lnob the cage washilng room through all
inner contaminated corridor (see 1-03 C.3 below) termrniat-ing in a
double-door Uhru-the-wal 1 autoclave so located that thlere is a nearby
cozlveli~ently locat~ed viewinge window and plastic Spe0aking d iaphrragmn
(see 1-05 F) serving persons stationed 3t both -:nds of the. -autoclave.
The larger and more numJlero0us- the animiials, thet, mot-re desirablQ it is to
avoid LlSingý the. main corridor to transport contaminiated cages or dead
animals to tho double-door autoclave. IC the tiain corri~dor -Ls used
for contaminated cage tran1SPOrt , de'Sign- S1hall seek to place all animal
rooms at one end or portion of the contaminated area so that One set of
doublie doors, or a corridor -w ide air lock, cati separat-e the an~i mal
room area from the laboratory aIrela. A tran slio)rt chiamber such 4ts that
shown in llate 1.9 will be. used to transport contaminated cagets from

the animial room to' the autocl..ave When the mlovementr is through the makin-
corridor.- Clean cages wilberundtot cth a ned fnilial roomis

thro gh no -- co taii~m ed c rrit-,.' 1- nhro eC1 I . .ýj 10' -, 01'

01171o19,1 the mai~n contaminated corl i dor , or th~roUgh1 a combinat ion of
tee.Usk- (f thet a fo rvlelnt i oned j nur r e on t-aiiina ted ccyr icd..r It tian s-

port clean ca.ges is undesirable.

(1, Space, Ahall be provideod for asst-mbling clean cages, for
test ing, cages whtni reqvit red by the tising servi ce, anld for storing
clean ca~evs, and -zhalit, b located adjoining tire cage wash 'iqv room
and convenient to thec animal holding rooms.

10. Mli lit v Rooms

ai. Lqui pmen"t roomis, Imachin ery 1-ooms, plenullm Chrambe rs , anld '11l
miachinlery inlsta lint on arcas; shall bit desiined Lo ptYO\it'~ eASY access
to mlechan11ical equipmeit, to be installedi therejii, for thre pufpose of
serv icing, repai .r ing and/or re%:pl1acewent . floors, sculttles. and Access
panieIs to mahnr ra sina1i Ibe ad10kUatke inll e n 111 oratlinn.

b . Eqxi pmvnt airrangemvvnt with in tire respective areas shnall1
allow for spacc for rc-movall andk r..placeruenlti of largeo pieces. oif equip-
nnncnrt -,;icli als taiLkls, sheoll ind Ltubet ctidondesers orv tube bundles, where
such c ,qiitpmun ii or caunponun t s art, specifi ced,

11. Convci-t i tlt, l~ooms; See 1 -03 1., belovw, -

1 -03 C0O11:.%IINATFJ) ROOMS

A.I8 (t o Rooms: Ulu conl ta atdaraWill cen1t A ii S0nne QIr nil Of 1,i1e

2Kb ~ ~ o lwil' roo_____ ___ ______________
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Corridors
Receiving
Storage
Animal holding
Laboratories
Office3
Conference

'Media prep
Glassware washtng

"Cage wathing
Walk-in incubators and refrigerators
Flamnmable material storage
"Waste cullection treatment
Special work areas
Janitor closets
Refuse incinerator room

B. Ventilated Suit Areas: Rooms of potentially higher hazard, such as
some animal rooms or rooms containing aerosol test chambers, require the
wearing of ventilated suits (see Plate No. 1.11), or in some cases

* ventilated hoods (see Plate No. 1.12), for personnel protection. They p
ohal r-eet the fnllowing requirements. 14

1. Access: Access is through a U.V. air lock and disinfectant
. shower (see 1-01 D.3 above). Is.

2, Sealed Partitions: Except for the access (protected by air lock)
and the ventilation exhaust (protected by filters) the work space is en-
closed in sealed partitions (see 1-05 B.3.c).i'

3. Decontamination: Any and all contents, once exposed to the in-
terior of the ventilated suit work space, shall be sterilized before
they are released to the surrounding environment (whether non-contaminated
or of a lower degree of contamination).

4. Ventilation: The ventilated suit area is maintained at a lower
pressure with respect to the surrounding area.

C. Animal holdin& Rooms

1. Size: In sizing animal holding rooms, consideration shall be giveu
to the location and number of cage racks and cage service cabinets. (See
4-02, EQUIPMENT and Plates No. 4.7, 4.8, and 4.9 for cage racks). Aisle
space at least four (4) feet wide should be provide.d in front of the
cage racks.

Allowance shall he made for the general experience that animal
holding facilities are frequently undersized.i'C.

2/66
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2. Ca•e Ventilation: All animal rooms shall be designed to house
Ventilated, U. V.-i.rradiatod cages, and non-ventilated, non U.V.-irradiated
cages. At least one animcl room in each contaminaLed laboratory
suite shall be equipped initially with ventilated cages, and the using
service. shall decide whether more than one animal room shall be so
equipped initially. In the other coxtantinated animal rooms the cage
exhaust system may be closed off as specified in 2-05 B.6, UV&AC,
and Plate No. 2.2.

3. Inner Corridor: The main corridors serving laboratories shall
not be used to transport soiled cages, case litter, and the like, An
inner corridor serving each of the animal holding rooms shall be pro-
vided through which cages may be carried to a double-door thru-the-wall
sterilizer opening into the cage washing room (see 1-02 B.9). This
automatically insures that all cages will be sterilized before being
opened to be cleaned by washing.

4. Location: Animal rooms shall be located together in one general
area to segregate possible hazardous dusts and to faciLitat-e the
handling of infectious materials.

5. c r- .S p i -L a niimal rooms shall be provided With at lea-t
one 24" x 21" x 10" deep (L.1D) stainless steel sink with stain-
less steel drainboard ajid having hot and Cold water supply. The sitl k
shall be equipped with a removable cup strainer to collect debris and
nay be located in the inner corridor if space permits (see also

4-09 A.2, EQUIPMENT).

6. Vnt ilated Suitis: EnLraUCv to animal hold ing rooms in wThich
personnel. must wear ventilated suits shall be through a decontami-
nation compartment (see 1-03 B above). A viewing panel shall be pro-
vided in each ruuiU where ventilat-ed _utits are used.

D. G.a ssware W4ashiing Room: Sev 1-02 B.8.

E. Cage.Washing Room; See 1-02 B.9,._

F. Contaminated Receiving Room: The coutaminated receiving room is used
for receiving and handling so iled laundLy, cage littier, Worn- out equ ip-
ment, and the like. For further information sce 1-01 C.2t0 above,

G. Laboratories

I . All spaces in back of built-iin or wall-suqpported laborattory
furniture if not accessible for cleaniug n must be sealed to jlrev,-nt the
entry ot microor.anis-ms (see 1-.0 h for caulking compound) a

2. For tquipmente required in all contaminated laboratories. see 1-07 A
below.

3. Adequote space for maintenance, and operat.ion of bervikce piping
valves shall be provided in all laboratory room ayouts.

1.16 -
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II. Walk-In Refrigerators and Incubhators

Ceneral Reqnirements: Each walk-in refrigerator aid incubator
shall he a completely pre-fabricated unit (including floor). The

finish concrete floor under refrigerators and inc-ubators shall not be
depressed. (See Purchase Description listed 'n Appendix A).

2. Condensate Drain: The drain line for condensate drip from
evaporator shall be extended through the floor, not run on top of floor. 'C

3. Doors: See 1-05 A.3.

4. Insulation: Blecause of Lhe sealed construction, insulation is

not required to be non-halogen liberating (see also 4-19, EQUIPMENT).

5. Sealina Crevices: All crevices between the refrigerator or in-
cubator, and the walls arid floor of the room, shall be sealed with
caulking compound (see 1-06 A).

6. Required Use: See 1-07 E.

7. Other Reqouirements: See 4-03 and 4-05, EQUIPzvNT and 6.05 C

and 6-05 D, INSTRUMENTATION.

I. Waste Collec'tion "fteatnent Room: Set L-01 C.3 and 3-04 1, PlN.

J. Flammable Material Storage

1. Provision shall be made in all laboratory buildin,.. for a

flammable material storage room conforming with the Nat-ional Board of
Fire Underwriters' RequLhemt:nts for Type "B" inside storage or mixing
rooms, and prot-ectcd with a,. fixed CO2 extinguisher system installed in
accordance with q.Bi.FX. tio. N.V.P.A. requirements, Approxima tely cne pound
of COi is required for each litlteen (i1) cubic fcee of bpace. See P Itc

No. 1.13 ior details.

2. Flammable solven: s in a total amount up to 50 gallons, in con-
tainers noL holding wore than iive (5) gallons each, may be stored in
metal cabinets outside of Lie flammhlblc miateiial stoi-a,.e rklom. Draw-
ings of an approved cabi.aet design are available t rem the Covernment.

K. Special Work Area: II some laboratories there may be a rý7iall work
areý' for glassblowing ozad preparat-ion ot special laboratory equipment
or apparatus.

I-. Co,\cnv-t ihi litv

I . C ueorall: Ch i tiri g Yspac t',,r lil 'j III ILS S1 en Ct i1rueS lllrlhke i-t d.s i i lV

to convert nion-contminoted working space to contamiinted spact,, and

vice versa . In general, this will require, a suist ant i a t:iodificationi

2/66L
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pr'ojuct ill oit! dLO to L OWc t Cr- t crial ostahi~ i She-d inl this Miiitiýil .in1
is:olated C-160'; , it. iS 11caSihie WithI feClatiVvly Si'nilc)I Chdliges" Lo CUeate 4
" Limit cd-l.sc ArLIS'', aS dCtiIImd hc lOW.

2 . bind t ccd-Use Ai-ci: To convkrt to a ''Li nudLed-Use Arva'', F or coil-
t amitia Ld (,Ir nonl-%colt aintudLed ucas the Caste may, he, the foillowing con-
dii ions mus;t bo Im'ct:

Theare mut.be Jlocated cotgosto a coitaminttated orI
11on- Conltaum inatI.d area, is thc case way bo, so that. proper access can
be prov i~dcd

11 1'Iik alo naoimst. have been p rov ided wit.hi p 1ugýged ii our
d rains (ý;ec :3 -04 li, PILP1NT() anid capped exha' ust. duct which shall
now be op)eled for con~t :uuinatQLd ueOr plugged6 andl cappod for non-
cont~ariniiat~ed umc.

11 -. it mu' be t C 17.1[Il? l for c oil am uiuatLcd( usct, thatL the tIQypie
o f wok I- k suich thIatL t hc-re v wil IhIe ilk zipprec jab) (" hazia ld olf c ross-,
contamiufat ion of thic fon- collit.Ju1 atLed ýrvvi(c- Or 0.Vcn'li lat Lola air Wit~h

-*Which thle area it; zsuppliedl, or of csaeof coiltaminlat ion to the nlon-
contamina Lcd area'' t hronti-,i Ltic v..a1 s because the lienn rat.ions art' Viiot

suitably seal cii . yor wnon-covitiamiinattcd use it. must be dote rmi nod zLiatL
there will-I bc nio apprecciabllc ha~zard of contamiaiat iun of thle limu Led-Lisc
1i01i-C,011LaIuliiiat t'd ar ca F~cslil t u% f rom i ts I~ l, m1ng Iupi jed with1 coiLni iinatLed
-serv ices and vonti i laLit on a'ir or tile in~olmplete CScal ing, o f t lie wall hIe-
tween it- and the C0!1tamina~tcd arca.

(I , 'un' conversior inmust hrC aIPprovd b1) hei Goverliinit'nt

A.Fo.undat ion: 3uihi vidiui~i foot in,,,s under columlns inl intcrjor walls,

behig on undlist i~jbed SOil of sui tahic bear ing , shiallI be of mi nimurn depthi
'requ~ired forI rodent.L cOMnt0 ro ' asSPecif id inl 1-04 B.

1B. RodeoL_ amd \'enui ni Proof iti-: All uiani and an imral infect-iouS di iSease
Ictiuratory buildili'_; slia 1 1 he conpiet y rodieji t-proofe~d inl .ICCeordanee~
w5ithi Cr iteri a ('st '111 i she.d by the U.S . Dept . Of H1Cal th, Edluc~a ioii and
W'e it.tre , Pobliic Pe-a ith Sc 1'i.vCe, Corm11111iu IcbI 1 ý2,S c DseseGinI -r, At.lanta,
c~eorg .ia inl it- hook u ei itied "'Rodent Bloroe Dse cCentrvol 1Il10iroghi

RO(I'ii Stipp,' dat II'dk 11)(11. Thuis b)ook pr-owides deta i~ld dei' gii inl-
fortmalionl wuli e wil 11 ss;ist tile arbtt-u.inrintink' Vodcnlt proof-
inig of trt lms seilI il aillla1 'oois r0P, WI soag'ara for_
-animal fee-djiiv anld Id1 u, haacpatiear suctiloto inl-

I csitl~moil of fil.i'et s. Add i t i onhI visutri al i q vol i 11 1'1handbooký of
FtPcst Cont 101' by Arnold MaI i ý , i1cNii u hoi a~nd Co . I 90.' and~ ill

* 'i trile t j ve 1u1d Us!ýk I ulI I n -see t s" by C, . TI . MN.' : al I f V. P. l*.I ilnt andl~

~~ I h~. i~* Metial L-I i-G1a'IiIIl
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C. Structural Frame: The structural frame shall he re inbtreed concretc
or structural steel columns, spandrels, girders, beams, tloor and roof
slabs. Particular care shall be Laketi itt the design to wiiuimiý. de-
flection that might result in cracking of flours, walls cr ceilings.
Top of structural floor slabs, except basement floor, shall be not less-

lthen 3/4 inch below finish floor line (at the low point) to receive
applied finish floor conforming with the requirements of paragraph
1-05 C.

D. Fire Resistant Construction: While the added cost of fireproof con-
struction will in general not be justified, fire-resistant materials
and construction methods shall be used to the fullest extent practical.
Wood and other combustible materials shall be used only with Govern-
ment approval.

1, Insulation: See 3-06 A, PIPING.

2. Fire.Sjrinklers: See 3-05 A, PIPING.

E. Corridor Width: The width of main corridors in the building shall
be six (6) feet clear n'inihuum. Wider corridors shall be provided when
recuired by special opetrations.

F. Story leight: A reasonable minimum story height shall be maintained,
based on a clear corridor height of eight (8) feet, plus the space re-
quired for the air duct system at the top of the corridor, plas the
thickness of the floor construction ;above. The minimum may be exceeded
if necessary to accommodate piping and duct work from fume hoods,
biological safety cabinets, and aerosol chambers.

G. Suspended Ceilinugs and Pipe Spaces: To avoid rodent hrarborages and
spaces not easily accessible to decontamination, st)speuded ceilings and
enclosed pipe space.- shall not be us,;ecd in cont amPLtated areas. Vertical
pipe and dulct-s may b(" run in open recesses in tive co-r.idor• Or i- the

corners ol laboratory rooms. Piping arrangements shall be such that.
easy access is possible, and no double rows of pipilng will be per-
mitted. Pipe tunnels leading from a partial basement ut.ility rocta
may be used for distribution of services in one-story buildings.

H. Floor Loads: Except for specifically heavier design loading requLic-
ments, floors shall be designed for a minimum live load ol 100 pounds
per square foot.

I. Fxpansion Joint s; Evpaonsion joints in walls, floors, aud roof shir ll
be providcd with a contimuons water stop. In addtitio to the water stop,
expansion joints in courttarinated areas shall be filled to a depthi of
1/2 inch from the innterior fini sh face of wall, Fl oor and ceiling n wii hi

a two-compones, at rubber-base sculilng compound (as specLiiried in I,06 A).

. -W'aterproofi_ g

"1. WherejRequireu: The floors in all contaminated areas, and the,

2/b61
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floors it all non-centaminated areas thjaL are located above occupied V
spaces and a-: S, ubject to wa.hdowns and splashings such as cage wash-
ing rooms, clan animal holdiug rooms, change rooms, showera, and
attic utility areas, shall be waterproof construction. rhe floor and
walls oL rooms in which waste coLlection treatment units are located
shall bc waterproof coniStrucLioIi.

2. .ethod

a. Epoxy-Aggregate Finish Floor: In all areas where epoKy-
•aggregate finish floor is used, this shall be so applied as to provide
a coutinuous water barrier (see 1-05 C.5 for use and method cf in-
stallation) .

b. (a'ntinuous Membrane: All floor slabs on grade in contami-
nated areas shall be placed oln a continuous polyvinyl chloride (PVC)
isheeL of 6 inils minimum thickness, extended up the wal, for 6 inches,
with sleeves of same material aroutd all penetrations, :levews to be
s'!aled to membrane by thermal or solvent fusion (see 1-05 C.6).

. c. Attics: Floors in att.ic utility areas shall be coated
* wirh a thin (5-6 ntiIs) epoxy finish.

"1-05 ARCHITECTURAL COMPONENTS

A. Doors: See Plate No. 1.14.
4 e . Single Swinging Doors: Single swinging doors 42 inches wide shall

be used in anuimial Iotwu, laboratories, store rooms, receiring rooms, air
locks, glassware washing- rooms, and cage washing rooms. Doors shall
swing iuto the room away from the corridor, except where doors are -e-
cel;sed al' t0he door edge will not pIro~ject, into the corridor. All exit
doors S11,111 swi 1 in the LIdi.rection of exit travel.

2. Speaking liapI-s; Doors into potentially contamiLnated rooms,
itcluding laboratories, air locks'. and 'rontatijualtd offices, btit 1X-
chiding doors to cmaiige loomS, walk-in refrigerators and incubators,
and jan'tor's rooms, are requi•ed to lhave a clear plastic speaking di.a-
11h117agni se~t ill the deaf so thefIt Ut.,t lowkvr Udgr is' 58 illch(!s above the10

floor. Se- 1-05 F.3 for details.

3. Viewing Paniiels: Doors to walk-in refrigerators and incubators
Shall Ihave [ mnin i.mniu area oA 12') sqUar-,e inches o. tcs led double
glass suCh hS "The rmmopanee" to serve as a viewing p Wim 1, witht tlhe
hot taom located 58 in.chs above. tih floor.

4. bouble )oois; D)oub le doors d.siged 0 swi.l, o'tL il the dir-
S . 0c1tioll eof t' are reqtli rd iin climc zical laboratorics i hecie there i;
a risk of. 'xplosioll alnd fiive Dcublue doors maiy bh used in corridors

land i anilll l 1oomia for shceop or larger aniwals , and are recommended
.at z•rsvic,., cntranoles to building, and utiliity rioolui,

,.20
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S. kjt! diug )oort:, Whe~kt doors911A may le tiaed, in procetis areas where
large~ equipment haLs t. 0 'Ot 11ovitd * Ill Mit!iwi I oi4 toLLI ti ) lic p or' ltrger
an im ils, anid ilsewie re wlieii S pa3tt recpi rowents so dir etat.

6. Aculiar T'as: Armor plate of lai-gage typle 43D1 stsinluss stteal
foutr (4) feett high shiall be placed o-ni all. doors ot laboratories, tinimal.

*rooms., receiving rooms, air locks, glaiiswareu washing and cage w.ashing
ro~oms. Armor plat" shall he init-alled onl the push1 aide of Single SWin"
Pig doors and on both sides of douhie-itctiag doors. This armor plate

hall exedoech tresning edges of dioors it1Xo air locks,
aniuw.1 rcooms, glassware washying rooms, cage waushLug rooms, antd on ailI

I double-acting doors into contawltnatud aroas.

7. Interior Door C~onstruc4tioni: Unless otherwise spectifted, interior
wood doors shall be solti core hard wood flutsh doors- where inlstalled in
laboratory buildings. Doors to anisal Uci1ding rooms shall bie all-welded
flush weical solid wood core doorn. Doors to wtilk-in refrigerators and
walk-in ±ncuibatorsa shall h~e mietal -clad insulated refrigerator udoors.

8. Gastight Pours: Gas.tight doors uhall bto constru.cted of corrosiion-
resistant stetel, hermetiLcally seoaled, anld shall effect. a .AscigAht seal

c~tu ulomad. Door fraiwu shall !:e of ccursn-rsm n teel covering
over: wood and all joints weldod. All hardware uhould tit tnctory-appiieci.CUse. will be individuially specifitd 1-y Covoriumont, for app)icat ions such
as entrance to dl a lntectnui sho1 -4tr froiti Vklt-t b Lcd z, u it ien, ill
aerosol chaiute,ýs, and in ,;elected areas of tho. pilot planit.

9. al i&tomlatic D)oor Cloue-rs: Autouiat to door closer-s aire requtired onl
aldoors.

10. En _______ AnE.orQo~os ntrance doors froir *ii"&t-L'Italm~inUt~

corridors to clean change rooms shall be equtipped wi iii pile~llivIcc door
cl~esaii listed for hardward tset. HA iusubh-se:t loll 1-28 D.7~.

Do~o: oos o frl.Jitelvn~rs ;Iallbearvanged

*to Open to the full width of the elevltior cabl. Doors shall lie verti cal.
*sliding biparting , mlotior-operated Uor auiniw~tic opeainig And cos ing,
* and shall be equipped with a safeity kwlal astr~agal taiwtlar to that% of thlt

11eelle Company. riee aluo 1-05 0.

12. Emerygenicy Fj~i ViL)~oiora:. Emergoeny vxit doorts (crash door;4) loading
front contaminated areasi to non -contt.amiatevd aroaa Mnd Lo exiet' or arena%
aba 11 be equipped w~ fIb an Ic ltt-dwaro ti 1. lis ted for hardw~ave set 1120 in
-uirb-sect ton 1-08 D..? *In addi r it, a th in piitel oif Culcmet nsbesit s board,
scori.tt prn as to hi! eart.ly broken, will be at titchud t o rl, iltuet-for of the,
door f rameu isad sea led ac t ho per I &hery t o b1V it ic t il-jt I. A '11I gn road lug
"EMRGENCY EQXIT ,3NTM. CRA4\SH lij\Nal." 'iho'l tit h pa1tint Oil otilthe, iitt.'r or or.

v'0W iide of t' li jal-wl. Thiii NC~tlIi.t i''P'1ielb i'CVt~ltt

- ' .(~~, 13. lz eri&Ltbots All exteorior donrs aba Ii hbe ot noo-i esmea
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and slia I lw have xt ruded a 1.um i nkil or brolize I nt~e r ock i ug- type t h resho i d L,

rucvive sprinig-Lypew bro-nzo. WO~',-'1:;(Atri ppi alppit Led t hot toil 01 (lootS

14. in teiOV F I r 'koot a 1.11 udow Fr !jCS' F.1111CwS for- illtCI. o doo~rs 'Inlt
Vi cwtng pane1ls ýShall he hloll low mt aij type (I('5ijwtnd to f Iislih flushA WiJth
finish wall. surface. JoInts shlld 1.v iell weldod mid Hinished smooth.
Ito I Iow nIeh-aI[I allies ill masonry par ifIt ions shll. Ih e i ii Itd som I id with
Cement im~ortal as u rec I ion ul 111a~sonrvy oue

15. W'ovvn W re Dloors: Sec 1-01 C. 41)

16. 111 traviolet Ilooir Barri ers, Doors from otltmiiinated room3,s acos-
andI( corr~idors to a i.t r*0 Ck s shall liaVe 1 travi old 1 ligt, is iinst~a Ilkd ver -t I.-
cally on both jambs of tlic door frame mid ho i z~outaily acrto)Ss- the hLead ol!
time door frame on t~he side opposi~ fro £ to i e door s n .see 1-01. E anid
5-03, EUECTRICAL (or det-.nl.s,

17 . D)oor llardwa ro Vol the se Cl(LI ion o f ha rdwar to lo doO iS, sCee
1-05 1, "Bul ldf-rs' ardware".

B. Wall s-

1. Lxt ci Iou Wails: liul en,; sotheriwint app 1m0OveOtretmIi. yd
phase , exter tor walls below grade sh~all1. be rv iil orted coniic Fte and ex- I

terior walln ahov'e grade slhall 1o Meo the cavi~ity ty~pe (a-II -i* sauke whio'! l

the. exterior and the metic iot See Iions") mla sonry %ci I in 1 an illwl roolls i
ane, other roonts sub lee to higi igh hm dit y tilt, ex icr or wall o: Il e in-
SUlated amnd provi~dod with at vapor horrcr er mn tilt Inmt erfor soc titon , to
avoid coucndenation. For tfie svlee i on ot in h;onl t he In irtor of
exteirior watt.s, sec n-sc ooiO 3

A. .G22lj!.ý lockL!LLor:, ISee 1-')5 1".

2. Curbs : Collc I 1et IL C110)"; , 1101,1 c~l 11hit 7-ý ", 'W ith !I 001 a111 14 i miebeS
high,1, 5hall 11e jusvtailed under walls, and at- door oplen LiigS Of s,1o~lvn
stiorlugc roTius ihow. r si]1 nd dryhi mig spamcc a a -II- r hand Iiiq' p1ennuil
cham11bers (set, 2-1C) 1), WWVA), anid nnde'r wall-; ot anti scm rooms, Jand~
miIdQI. wall s b e Lween U~ non l am I na 1( I t edL anI d co tLanmi nat0 L"IeII are;as Cnrh 8 11re
instail 1lOd alIso itrounid openl Ig in1 I (itr) I-- atV1 tvi i cil 1 p Ipe andit hue t
rsplmCVu11 (SCU 1-U 1:) .~ F'ACC otýC111 1ur 1al le [u.Sh Wi 1i tar 1Ak-Of WAll AbOVe,.

3 . Itot cr1or Wall s and Plart it.i.1 on

a. J~uI.ony IPailit ions: Unless L'"Lthew e %41 c Nit- Ii ed , 11i0n-l1oad-k

IhCnrj Ile conumrrt C, bl1ock or: light -%eIgt: (c 11dem) hmhSIMI I he1. used4' for)
~ili J iiimd o partift Ions andk .tilt crier wyt he of ext cen 10r witl I s. Ill uck

Fiii . sEi 5111111 conor tof 0 ASP1H Spec 11 1 at ion C-i 29)-59 tL II proV ide sumoi i 0I
su~rface, for 4appI ica i on oif pite I ( illpg a'; !pert f iod ill I-0( C..

Ii.F~uh-t'ie Ileta]:1"r sj1pecial opp) ivcat I ens 1usLu-1ypu'
Sietal portit it bs 1111d wal 11lall'iel. II (el mgli g) aing .1 corrusionl-

C';e a I a tam Skoc fuce to ieee IC 01C 11he 0 pin'et i V(' COAt 1111m d jlt Il
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iDESIGN' CRl111RLA 1-05 BA3

f IIi 1, Slit S S))Ci t FiL'kl ill Sub l-Re 5tt Imi 1-06 C way lie spt'ci t l ed by Govern -

walls. Toi let cotupartinent.s, 01,11 be, off - th-floor cvi.lfi' ug ung or

wall hung type'.

c.Seat1( ledPart it-101its Parti Ilions separat ing conlltAm inatedc
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DESIGN CRITERIA 1-0_5 C.5

a. Epoxy-aggregate toppi•:g shall have a mintmtu:l tl•l.ckness of
1/8" (3/32" to 5/32"). Greater thickness (3/16" to 1/4") shell be

specified in locations of tmusual wear.

b. Epoxy topping shall be furnished, Installed• and guaranteed
by one and the same flooring contractor, experienced Sn this type of '•'•I

f leering.

e. Epoxy topping shall be i•stalled in such a n•%nner as to
provide a contiuuous waterproof barrier, including •eals, around l>Cnetra-
tions and drains, carrying the topping up tile sides of curba• and wi•h !l
th• avoidance of feather-edging, i•

d. The required floor pitch shall be provided in pouring the i•

original structura! slab.

e, Epoxy-aggregate topping shall be used for resurfacing damaged
or deteriorated floors in areas specified in 1-05 C.5. Where the old
concrete is in particularly bad condition, the use of epoxy-aggregate
reinforced w£¢h glass cloth should be considered.

" "" ........ • :,, • .... A1e•,,,j•,• f•n•gh for floors in
contaminated areas and for floors on grade that are sealed with membrane • :r•(see 1-04 J) may be Kalman "absorptiol process" heavy-duty cement-finish [•
f leer.ii•

requirements of Ordnance Safety Hanual OI•D H 7-224 shall be used in spaces
where risk of explosion may exist (see also 5-06, ELECTRICAL).

8. Vinyl Tile: Vinyl tile [leer coverln[/ over applied cotent finish
shall be installed in non-i:ontamiunted offices, conference rooms, and
cerridere. Inlaid vinyl sheet floor covering with a ulinimum of seams i
shall be installed in radiological labor:ttorie•, (See lladiological;, •-
Safety Manual, Dec. 1963, 5, f, (I)). I..•:

9. Protective Coatings: See 1-06 C.3 fo•- protective coatings on ' •

floors, i

t
4 !,
SI. Smooth-Finish Concrete: Unlest• otherwise specified, smooth-finlsh "•

I shall be used i• all contaminatedS toner-ere ceilings •r•as,

2. Suspended Ceilln•; See 1-04 C,.

3. Seals Around Penetratlonz•: See " - E.

4. ]•ightinK Fixtures: Lighting fixtures shall uot be roces,,;ed in
the ceiling (see 5-02 D.2, F.LECTRICAL).

5. Protgctive Coat•: See 1-06 C.3 fo•: protective coatings on ceilin}'a.

I. 24 i
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FORT DETRICK ARCHITECTURAL
DESIGN CRITERLI 1-05 E

E. Seals Around Penetrations

1. FlooIs: Seal shall be provided around all pipes, conduits,
instrument tubing, and ducts at each floor level including attic floor
through which they pass. See Plates 1.15, 1.16, 1.17, and 1.18 for
methode of sealing around pipes, conduits, instrument tubing, and
ducts at floors.

2. Walls: Seal shall be provided around all pipes, conduits,
instrument tubing, and ducts passing through walls separating non-
contaminated and contaminated areas or separating two areas of different
levels of contamlnation. A continuous demarcation line shall be
indic-ated an the floor plan along such walls to distinguish them from

other walls. See Plates 1.J.7, 1.18, 1.19, and 1.20 for methods of
sealtng around pipet, conduits, instrument tubing, and ducts at walls.

3. AnShor in: Pipes shall not be anchored in walls or floors unle,%s
a thorough stress analysis has been nmade that indicates it can be done
safely. Conduit my be anchored in floors and interior walls.

4. Internal Conduit Seal: See 5-02 B.3: ELECTRICAL..'K
F. Wolclws

1. Exterior Lal s: Glass block mnasonry openings, wiLh a sumll double-
pane insulating window unit for view panel, are used in exteLior walls of
all contaminated areas instead of other types of windows. Interior
face of glass block shall be smooth. Exterior shall be flush with wall to
avoid recesses that attract pigeons. All mortar used in glass block
masonry construction, including the joints between glass blocks and

*; metal surfaces, shall 've of a type to provide tight, non-shrinking,
waterproof, corrosive-resistant joints.

2. Vicwina Panels: Cleat wLre glass . view''n panelsor I.,.ndows shal l
be set in two-component serliu• compound (see 1-06 A) in pressed steel
frames, with 2cve•r edge 58 i.tches above floor. Minimum size shall be 24
by 36 inches ý-i walls; for doors see Plate 1,14.

a. Tor required use in walls, see 1-01 C.2f, 1-02 B.3, 1-02
B.9, and 1-03 C.6.

b. 'cr required use in doors, see 1-05 A.3 and Plate No. 1.14.

3. §peakinz q pj•!• jLrs: Cleat plastic speaking diaphragms, similar to
those shown in Plate 1.21, shalul be insLalled lCongside or in viewing
panels in wall, and with lcxwer edge 53 inclies above floor in doors.
Speaking diaphragms may also be instalied in glazed doors. An example
is shown on Plate 1.22.

a. For required use in walls, see 101 C.2f, 1-02 h.3, 1-02 B.9.

4/70
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TODT DE:Rf!CK ARCHITECTURAL
EESiL JýRXTERIA 1-05 F.3

b. For required use in doors, see 1-05 A.2.

G. Elevators and Dumbwaiters

I. Elevator Size,_Capacity. and Spee: The minimum elevator platform
size shall be 5 x 7 feet; capacity 3500 poonds; speed, 150 feet travel
per minute.

2. Doors: To minimize drafts between floors, elevator and dumbwaiter
shafts shall have a door at each floor. Elevator doors are covered in
1-05 A.11.

3. U.V. Barriers: For UV. barriers at elevator and dumbwaiter door
i "openings see 5-03 B, ELECTRICAL.

IH. Stairways: See 1-01 C.5 and 1-01 C07.

I. Builders' Hardware

1. General; There are relativel.y few special criteria for hardware
* related to safety considerations, and these are listed below. More

ex~tensive information based on conventional requirements will, be found
"in 1-08 D, Fort Detrick Design Practices.

2. Selection of Hardware Sets: Door hardware will be selected by

the Government, from the sets listed in 1-08 D.7. Marked floor plans
indicating the desired set for each door will be furnished to the
architect-engineer.

3. Hospital Pull Arms: Hospital pull arms are used on doors located
in contaminated areas with push plates on opposite side.

4. Armor Plates: See 1-05 A.6.

5. Emergency Exit (Crash) Doors: See 1-05 A.12 and 1-08 D.7.

6. Doors to Disinfectant Showers: See 1-05 A.8 and 1-08 D.7.

* 7. Locks and Latches

* a. Unless otherwise specified, locks fur all exterior doors
and locks on interior doors at either end of air locks shall be
type 86A-4 (Fed. Spec FF-H-106a) with Best Universal cylinder #LE64
less core.

b. Unless otherwise specified, locks for interior doors shall
be type 85-D-4 (Fed. Spec FF-11-106a) and shall be mastered to Sargent
LI 44700 x M.

c. Locks will be provided on interior doors only when
specifically designated.

3/68 68 1.26



FORT DETRICK ARC HITECTURAL
DESIGN CRITERIA 1-05 1.7

d. Two keys shall be furnished with each cylinder lock for
interior doors.

e. Special security requirements, if any, will be indicated

by the Government.

1-06 SPECIAL MATERT.%LS OF CONSTRUCTION

A. Sealin Cpunds

1. Construction Grade Compound: This is a rubber-base sealing com-
pound conforming to the requirements of Federal Specification TT-S-00227.
The compound shall be applied neatly, using masking tape to protect the
finish surface at either side of the joint. This compound is used for
all exterior and interior caulking (for example, around floor and wall
penetrations, see 1-05 E) except where Aircraft Grade Compound is
required (see next item).

2. Aircraft Grade Compound

a. gpecification: This is a two-component synthetic polysulfide
rubber compou:Ai conforming to the requirements of N L-S-880.c, Class B-2.

b. Required Use: This material shall be used for sealing biologi-
C -cal safety cabinets and attached equipment, for ventilated suit areas

(see 1-03 B), and where very good chemical resistance is required.

c. Tests: Aircraft Grade Compound shall be furnished only by
manufactucers wh6se product has been tested at Fort Detrick and found to

be satisfactory. A list of qualified products will be furnished by the
Government. The manufacturer will be required to furnish copies of tests

A conducted to assure physical characteristics as required by MIL-S-8802c,
Class B-2, and chemical resistance characteristics as required by Fort
Detrick.

d. Storage and Application: Particular care must be taken in

the storage and application of Aircraft Grade Compound to obtain satis-
factory performance. Storage and application shall be in accordance

* I with the instructions given in "Biological Safety Cabinets, Volume II,
Purchase Description and Assembly Procedure: Assembly Procedure (March
1965), Sections V and VI."

3. Silicone-Type Sealant: This is a one-component silicone-type
sealant as specified in "Biological Safety Cabinets, Volume II, Purchase
Description and Assembly Procedure: Assembly Procedure (lnr-ch 1965),
Sections IV and VII." It can be substi-tuted for Aircraft Grade Compound
in applications requiring particularly good resistauce to chemical's or
high temperature. Special care must be taken tL in•u•vu the use of( reconunended primers for this type of sealant.

D. Floor Coveriugs: See 1-05 C.

4/70 k
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DESIGN CRITERLI 1-06

C. Protective Coatinxs

1. Contaminated Areas: In contaminated areas, protective coatings
meeting The following requirements shall be applied to walls, ceilings,
doors, exposed pipe, exposed insulation covering, and exposed metal,
other than factory-finished items.

a. Priming and application shall be as recommended by the
specific manufacturer. A heavy-consistency filler shall be used as a
base coat for concrete block and cinder block surfaces.

b. Resistance to the following chemical and physical agents for

48 hours at room temperature is required:

4% hydrochloric acid.
4% sodium hydroxide.
1% quaternary ammonium compound.
5% for•aldehyde. I

25,000 pp& chlorine.
95% beta-propiolactone.
Scrubbing with stiff brush and hot water at 160 F after the
paint surface has been saturated for 48 hours with any of the
above chemical agents.

c. Tests have shown that some vinyl-base paints and some epoxy
resin coatings resist the above chemical and physical agents.

! d. In addition to meeting the above requirements, resistanceto 2% peracetic acid is required for coatings used to protect surfaces

within disinfectant shower enclosures (see 1-01 D.3).

2. Air Locks: Interior of ultraviolet air locks, and ultraviolet
metal fixture shields, shall be painted with aluminum paint to provide
high refiectivity.

3. Protective Coa r.in&s for Floors: Old concrete floors that are in
good cleanable condition may be painted with 100% solids epoxy paint
with anti-skid abrasive resistant aggregate added.

4. Paint Samples: See 1-08 E, Fort Detrick Design Practices. K

4.07 REQUIRED LABORATORY EQUIPMIT

A. General: In the layout of contaminated laboratory rooms, attention
shall be given to the following equipment, which is used in all laboratory
buildings.

1. For detailed requirewents of this equipment see Section 4,
EQUIPMENT. .

2. For electrical requirements of this equipment see 5-04, ELECTRICAL.

4/70 -_
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DESIGN CRITERIA 1-07

B. Class I Biological Safety Cabinet

1. Definition: See 4-01, EQUIPIENT.

2. Required Use: Every laboratory room in which test tubes of
infectious agents are to be opened, or plates made from infectious material,
or pipettings of infectious material made, or infected animals autopsied,
or transfers made of infectious agents, or centrifuging of infectious
materials performed shall be equipped with at least one biological safety
cabinet, Class I installation. This requirement does not apply to rooms
equipped with Class III cabinets. Class I cabinets should be located well
away from doorways and room air supply openings to prevent drafts across
the open front of cabinets.

C. Class III Biological Safety Cabinet

I. Definition: See 4-01, EQUIPMENT.

2. Required Use: Every infectious disease building shall have at
least one laboratory equipped with biological safety cabinets, Class TII
(gastight), so that any agent without restriction may be used safely in
at least one place in the building. The cabinet system should include

- adequate holding area and storage space to support experimental operations.

3. Design Requirements: See 4-01 E, EQUIPMENT.

4. Design Standards: See 4-01 F, EQUIPMENT, for reference to
"Biological Safety Cabinets" catalog.

D. Laminar Airflow Safety Cabinets: The laminar airflow biological safety
cabinet gives the same degree of operator protection as the Class I
cabinet. In addition, the laminar airflow cabinet provides a sterile
work environment that is useful for all microbiological procedures and is
vital in tissue culture work. All laboratories where tissue culture work
and infectious viruues are shoul,- ' d consider obtaining a laminar

airflow safety cabinet.

E. Sterilizers

1. RSuired Use: Every laboratory room or laboratory suite of rooms
meeting the criteria of 1-07 B.2 above shall have a sterilizer, either a
free-standing type or a double-door type with one end attached to a
biological safety cabinet, so that no discarded infectious material will
be removed from the room or safety cabinet system before being sterilized.
The 20" x 20" x 36" size is desirable.

2. Design Requirquents: See 4-06 B, EQUIPMENT)

F. Refrierators and Incubators

1. Required Use: Each floor of a laboratory building (or building wing
for large buildings) that meets the criteria of paragraph 1-01 B.2 above

4170
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¼ shall have a walk-in refrigerator and walk-in incubator, so that there may
be some isolation of agents when more than one agent is present in the
building. Two small walk-in incubators and Lwo small walk-in refrigerators
conveniently located are preferable to one large walk-in incubator and one
large walk-in refrigerator.

2. Design Requtrements

a. For walk-in refrigerators and incubators see 1-03 H.

b. For other types see 4-03 and 4-05, EQUIPMENT.

G. Radiological Fume Hood

l. Required Use: At least one fume hood for handling radioactive
isotopes shall be installed in each new building having chemical fume
hoods installed therein. A radiological hood will be used in lieu of
a chemical hood where only one hood is required for the building.

2. Desijn Requirements: See 4-09 F, EQUIPMENT.

1-08 FORT DETRICK DESIGN PRACTICES

S A. §joj• : This subsection contains criteria and design infornumtiun nut_
related to biological safety considerations and is not intended to be
comprehensive.

B, Vinyl Tile Floors: Vinyl tile floor covering is used over applied
cement finish in non-contaminated offices, lunch rooms, conference rooms,
and corridors.

C. Acoustical Ceilings: Acoustical ceiling tile of noncombustible material
is used in all non-contaminated offices and conference rooms unless
otherwise specified.

D. Builders' Hardware

"1. General: Unless otherwise specified, hardware shall conform to
the requirements of Federal Specifications FF-11-l06, FF-IL-Ill,
FF-H-116 and FF-H-121 and Army Guide Specifications CE-251.0l and

!, CE-251.02. .

2. Door Butts: Unless otherwise specified, selection of the'type of
butt hinges to be used shall be made in accordance with Department of the
Army Guide Specifications CE-251.01, and CE-251.02. Butt hinges for use
on exterior doors shall have pins that cannot be removed when the door
is closed.

* 3. Door Closers: Uuless otherwise specified, door closets shall be
type 3001 and shall be provided with checking control. Closers for
out-swinging, exposed-to--weather doors shall be either type 3009 reversible
or type 3001 or 3009 with parallel arm. Size of closers shall be in

/ accordance with Table I of Federal Specification FF-H-121c.4/7o
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4. Door Stops: Floor stop type 1330 and 1330A shall bhi provided
for all interior doors. Door holders type 1149A shall be provided for

all interior doors having door closers. Floor stop type 1329E shall be
provided for double-acting doors. Combination door stop and holder
shall be provided for exterior doors.

5. Armor and Kick Plates

a. Kick plates shall be type 1225. The width shall be 1-3/4
inches less than the door width on the push side of the door, and 1/2

inch less than the door width on the pull side of the door. Kick platts
shall be 10 inches high.

b. For armor plates see 1-05 A.6.

6. Hardware Finishes: Exposed surfaces of hardware shall have the

following U.S. standard finishes:

a. US9: Unless otherwise specified, bronze hardware for ex-
terior doors shall be furnished with US9 finish.

b. USIO: Unless otherwise specified, bronze hardware for all
interior doors shall be furnished with USIO finish.

c. IIS26: Brass or bronze hardware exposed in toilets, change
rooms, and showers shall be turnished with US26 tinish.

d. USP: Butts and door closers shall be furnished with USP
f in i sh.

7. Hardware Sets: Door hardware shall be limited to the following

sets, the selection of which shall be made by the Government. Marked
floor plan prints indicating the desired set for each door will be fur-
nished the architect-engineer by the Government. Hardware sets listed
1juL n~ot -i--,ic,-t co the dI, r,_...-•n.. ! -hal be disre arded. Unless other-

wise designated, numbers refer to Federal Specifications (see 1-08 D.1).

a. Single Swinging Single Doors (Interior):

HiI
- Butts

Hospital Arm Pull 458 (on both sides)
Roller Catch 193

112
Butts
Hospital Arm Pull 458 (on one side)
Push Plate 465, 15 x 31ý inches (on one side)
Kick Plate or Armor Plate, on one side (see 1-08 D.5 above).
Door Closer 3001

2/66L_
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I12A (Corridor entrance door to clean change rooms)

Butts
llospital Arm Vull 458 (on one side)
Push Plate 465, 15 x 3• inches (on one side)

Kick Plate, on one side
Door Closer 3001

Butts
Hospital Arm Pull 458 (on both sides)
Roller Catch 193
Cylinder Mortise Deadlock, Sargent #222

114
Butts
Hospital Arm Pull 458 (on one side)
Push Plate 465, 15 x 3ý inches (on one side)
Cylinder Mortise Deadlock, Sargent #222
Kick Plate or Armor Plate, on one side (see 1-08 D.5 above).
Door Closer 3001

1-15

,, Mortise Knob Latch 185
Lover !landles and Roses 223

Mortise Knob Latch 185
Lever Handles and Roses 223
Door Closer 3001

117Butts
Mortise Knob Latch 185

Lever Handles and Roses 223
Cylinder Mortise Deadlock, Sargent #222

118

Butts
Mortise Knob Latch 185
Lever 11andles and Roses 223

Cylinder Mortise Deadlock, Sargent #222
Door Closel 3001

1lSA
Butts

Cylioder .ortise Lock, Best Universal
#2600-M06E02, Less door knobs and roses, with cylinder

( #1E64 luss core
Lever flandles and Roses 223
Door Closer 3001

2/66 __
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Butt s

Mortise Knob Latch 185
Lever Handles and Roses 223
Mortise Deadlock, Best Universal
4T6D9 (see 1-05 1.7b).

b. Single Swinging Double Doors (Interior):

119
Butts CC

Hospital Arm Pull 458 (on pull side of each door)
Push Plate 465, 15 x 3½ inches (on push side of each door)
Kick Plate or Armor Plate, see 1-08 D.5 abo'e (on push

side of each door)
Door Closer 3001 (on one side of each door)

Butts
Hospital Arm Pull 458 (on pull side of active leaf)
Push Plate 465, 15 x 3½ inches (on push side of each door)
Kick Plate or Armor Plate, see Paragraph 1-08 D.S above

(on push side of each door)
Door Closer 3001 (on one side of each door)
Cylinder Mortise Deadlock, Sargent #1222 (on active leaf)
Lever Extension Flush Bolts 1045 and 1048 (on inactive leaf)

Butts
Mortise Knob Latch 185 (on active leaf)
Lever Handles and Roses 223 (on active leaf)
Lever Extension Flush Bolts 1045 and 1048 (on inactive leaf)

II?
But t s "-

Mortise Knob Latch 185 (on active leaf)
Lever Handles and Roses 223 (on active leaf)
Lever Extension Flush Bolts 1045 and 1048 (on inactive leaf)
Door Closer 3001 (on active leaf)

1113
Butts
Mortise Knob Latch 185 (on active leaf)
Lever handles and Roses 223 (on active leaf)
Lever Extension Flush Bolts 10'15 and 1048 (on inactive leaf)
Door Closer 3001 (on active leaf)
"Cylinder Mortise. Deadlock, Sargent #222 (on active leaf)

i( Butt s

Cylinder Mortise Lock, Best Universal #2600-1106E02 with
"cylinder 1E64 less core (ou active leaf)

1.33
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whether the outside handle i padlocked or free.

N •mergency Exit (Crash) Doorg:

1120
Butts
Panic Bolt 821

h. All Exterior Door (unless otherwise specifIed):

H21

Butts
Cylinder Mortise Lock, Beat Universal #2600-MO6EO2

with cylinder IE64 less core.
Door Closer

1122
Butts
Cylinder Mortise Lock, Best Universal #2600-MO6E02

"with cylinder IE64 less core (on active:' '! lea f)

,Door Closer (on active leaf)
'Lever Extension Fluah Bolts 1045 and 1048 (on

active leaf)

Butts
Cylinder Mortise Lock, Bel t Un.vsrsal #26OO-MO6EO2

"with cylinder lE64 less ccre (on active leef)
Lever Extension Flush Bolts 1.045 and 1048 (on inactive

leaf)

i. Doors to- Disinfectant Showera.

Butts, Refeigerator Door Type Hinge, corrosion-
resistant steel.

Fastener, 3 point interconnected Smokehouse type
"Jamison" or equal with inside operating lever"

and "0" ring seal on fastener thru-rod) corrosion-
resistant steel and US26 finish. All hdrdware
shall be factory applied.

E. PJrotective Coatingsa

1. gontamInated Areas: See 1-06 C.

2. Non-Contauinated Areas: Non-contaminated areas uhall. bei•painteddwt semi-Sloss enmlpaint conforming toFdea pecifications7

TT-E-508, except that:

3/68
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a, Gloss enamel paint conforming to Fcdmjal Specifica-
tion TT-E-506 shall be used for painting toilet ruoins.

3. S Sanmple of protective coaLing, in sealed container
with printed instructions for application, shall be submitted to the
Contracting Officer for approval.

4. Piping Color Code: See 3-07, PIPING.
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SECTION 2

HEATING, VENTILATION AND AIR CONDITIONING

2-00 INTRODUCTION

A. Scope

t .This section is addressed primarily to those architect-engineering
"personnel concerned specifically with heating, ventilation and air
conditioning in the engineering and design of microbiological facili-

ties at Fort Detrick. It applies to new facilities, and to modifica-
"tions and additions to existing facilities.

Ja "We repeat here again, as in every section, that the purpose of
this manual is to present special design criteria based primarily on
biological safety considerations. it i5 not intended to duplicate the

:-t "' fund of standards and criteria normally possessed by the architect-
engineer. However, a sub-section of Fort Detrick design practices not

. . related to safety considerations is given at the end of this section.
In addition, Appendix A lists a number of Fort Detrick Purchase De-
scriptincis and S..pificatioiyns which may be obtained from the Contracting

•i • Officer.

As described in Volume I, Fort betrick contains a variety of

x'Z "'° facilities, such as laboratories, pilot plants, Lest chambers, filling

lines, storagc areas and others, This manual presents the criteria
that all of these facilities have in common. To avoid vagueness, many

.... of the criteria are stated in terms of laboratory buildings, but this
should not to be taken to mean that they are not generally applicable.

I) With some exceptions, the requirements peculiar to each type of

facility are not covered in this manual.

"B. Conversions'and Modifications I
"The application of the criteria presented here to the design of

new facilities generally will be straightforward. However, many pro-
jects involve the conversion or modificat [on of existing facilities.
Since these facilities were built there have been changes in the criteria,

"- based on technical innovations or operating experience. As a result,
it is important for the designer of such modifications to exercise
judgment and flexibility in applying the new criteria. Some of the
potential problems will be resolved by the specific Contract Scope of
Work for the individual project, or by other guidance provided by the

'. Government.

, C. Organization of Section 2

The remainder of this section is divided into the following main I
sub-sections

2/66
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ill the air.

2. I solate spaces with in the 1buildfing

3. RemIiove or dest$ruy ai rborne viicroorg;anisams.

4. PreventL cross contamination beLweenf spalcvs

5. Prevent the dissemi-naion of infectious airborne mtcroorganisins
to the surrounding countIryside,

6. Maintain design temperatures and hunidities Within thie building.

C. Load Analyses

Load analyses ;hall he made to show load-time relationships. These±
analyses shall be uised .s abisfretrnngC01tmiur;:tcL loads,

grouIping Of 11ul1tiple space ini zones, and clioracterist ics ofauo tc
temperature control systems. The analyses shall include load calcula-
tion5 at intermittent, heating and refrigeration loads ocrigdrn
fall and spring to indicate the basis for- eqUipm[enlt selection, control
system design, and the i~ncremiental systemn effect of partial loadingsi
-uCh I-. tblosl i- ii no p.'a rooms.

D). toning and 'Femp.,ru tore Co t~ro I

Ad~miNistraL ivc space., hiaving s imnilar load- timue Cha'raCtem i stikes miay
be suppl ied by a C011111,1n Zonek with spa-ce t emperatutre controller located

in a representative space. J,aoorat orics, Work spalces, and aiumtal roomls

s thallI have indi-vidual Y0oom cont~rol)

E . I)1tleterilat ion of Air: Rates

The buply)ý aLir rýAt to C eah spare Zil all 1)0 de0termIined by the r e quire -

11en t. for inILternal 1loads , vent i fLtion, or lahora( or y eyoi pitent, wihi chtver
3.5gre tet .Theminmumnumer f ai r chang~es per hour for vent iIati io

is lisL,'d in Table 2.1 , suib-sectioui 2-:3.

Unle1SSotir s approl7Ved by' theL GoVkerl~n(et. , Spaý'ce vol111.. 01,11 1~ 1) C
based onl gros-s i nt.erior paediB mclii s 15 Mitd shall1 neglecct the Volumne

K ~OCCUPied 11y columons;, beaw.s, equ i pacut piping , twtimiish jogs, anti occulan.t s.

2-02 AIR 1-lOW PAT VFI1NS

A. L)jlical Air 'l'ow 1111ra: SCOe P1 ate No. 2.1 . This, dija "aw does nlot
incl~ude a1 liqulid wasteLL Col I Ccti oi tlrea'tlllent ro'1l bCcause theC mýt te is5
lot reti~irud ill a typ'Ical laI'otit Ito''lu Im Hki t:.'

1. 1 ~1:m iI 1i .1~m e Seoii I I i ba d Ii [IV,,' Yst t-11 - hi ý I I Ilk



FORT DEFRICK IVA
DESiGN CRITEIRIA 2-C02 B

requir-ed to prsovide isolat-ion between n1on-contairutna Lcd and contami-
nat ed spaces . (;ontaniina ted spaces may be se rved by Clite Urit i1ltlr CLi-11
traYl supplJy Mnd exhauLst systeums. Each biologica~lly separaited co.n-
Lamintuled space shiall be provided wthid an individual s;uppl~y and evx-
baust ,,y,,Lemn, or if mxore than one arc served trots one system they
shiaH i be isolated by high-efficiency filters in1 both the o'uppiy anld
exhlaus-t duct systems..

2 .No- Kee irctila Lion: Inl cont-aminiated spaces each air ijandiing systemi
shall be desiLgned to utilize 100%' outside air for heatinug, vecntila-
tion and air conditioning. Gen1eral recircu~lation of air is prohibited.
Non-contamuinated spaces in which recirculation of ai~r is permitted are
specified in Table 2.1.

3. Di' cLlont of Flow-. The establishetd direction of flow sliai be
f r om less; contamiinated to more contamxinated spaces and sha-lli resist ~n.
unchanged uinder all conditions.

4. Constant Flow: The air rate to eachi room shiall remiain reasonllably
cons~tant. Air rates shall not be variedl for puirposes of tumperature
Control

C . Non-Contaminavted Spaces

I.cGr112Utl Ih~atings,,ventil-thito, auidairuid oii~tuiSkq 1 lual : be

32. PoeckiRc' giromen: orard i of tnitionred Riri i'in tt peili

wavhiug, no-o ntgaminated wsitoe ooms. fbe .,nu-scti

1. Nega Lic\'e 1? rei sur: Cort air ic ed sraces shall be Of ill-ucl

non-conain nancoted spiiac~es. -v c abe21 -3

21. Supp-ivauexPr!;urc: 'rntamit: 31w' ecpar i t liatll' b eiiintatin undyster
fan',Rt~. motrV antI driv sall. iei wi0% greatqerL tha thie aucspaci. an ytoli

he lat[:C 4,1 entlie' total amouint, of supply - i only.

3. (G)I I i dot)s: To isa juta n1 tlit, coil doe(01S at1 li1 ie tiesr lkain
dit, j aibovat oriet c curt1 idoi's nbaJ I I liIt ii supl SkIoINl Y , Wiii tint Ilo-i. IM;

prssr 1 ltotigjlioct It il.IgItEli cIO Io idnn0

4 . ] u-d iv id ut Ltuu P , m1d1 ; i vi rn u roms ihittt I Li proV V 0V1deL-d withI
sipt altsupply anld eitlaitsLItiduts, andl individual t e11iVperatLV cCowunl c

2.0



FORT DETRICK HV&AC
DESIGN CRITERIA 2-02 D1

Annual holding rooms shall have separate year round conditioned air
control,

5. Room Requirements: For air distribution requirements of in-
dividual contaminated rooms sae Table 2.1, sub-section 2-03.

6. Winter Heating: Design for winter heating shall provide means of

minimizing the effect of the exterior, exposed wall surface.

2-03 DESIGN CONDITIONS

-r A. Outside Design Conditions: See 2-13 B, Fort Detrick Design Practices.

B. Inside Design Conditions: Table 2.1 lists the required conditions of
temperature, humidity, and minimum air changes for each type of room,
both contaminated and non-contaminated. Also listed, under "Remc.rks",
are flow distribution conditions and various special requirements.

I. Temperature: Because of the thin work clothing worn in con-
taminated spaces, sunrier and winter temperatures shall be higher than
in normal practice.

2/6.
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FOR DIU :LRLCK IV&-AC
DES1N RER'A 2"04

2-04 SUPPLY AND EXHAUST .S.,STEMS, GENERAL

A. TypicalSystems: See Plate No. 2.1 for diagram of typical supply and
exhaust -ystems.

B. Location: The central supply and exhaust systems shall be located in
a non-contaminated actic atea.

C. Central Supoly System

1. Prefilter: Prefilters shall be of the automatic renewable-media
("roll-up") type. They shall be controlled by automatic timers since pres-
sure coatrollers have been found not sensitive enough for this application.

2. Preheat Coils: Preheat coils are a common source of trouble caused
by corrosion or freezing, and this has been aggravated at Fort Detrick by
the requirement for 100%. outdoor air, and the frequency with which normal
winter temperatures range up and down through the freezing point. For
these reasons it is important to design and install the intake air andSl
"heating coil installation with great care to prevent freeze-up.

3. Coolin Coils: All chilled water air cooling coils shall be the
completely draiuabl_ type. Cjoi"ls shall! have removab.e east ijron headers
on at least one end, arranged so that each tube is individually drainable.
A threaded plug shall be provided in the headers opposite each tube to
facilitate cleaning.- Each header shall be provided with a vent and drain
plug. Tube interiors shall be prime surface with no interior fins or
devices to increase water velocity.

4. Humidifier: Consideration shall be given, if requested by thu
Coverunmeat, for provision of a humidiftier in ti - central supply system.
This would be designed to raise the humidity to a high level in a short
time, for use in building decontamination with chemicals.

5. Bacterial Fill : Space for future installation of bacterial
filters shall be prov. . because of the possiblc need for a germ-free
environment in future work.

6. Alternate Systems: The supply system shown in Plate No. 2.1 employs

reheat coils in supply ducts to individual rooms. This type of system has
been generally used at Fort Detrick. Alternate systems, such as multizone

v, systems with "blow-through" fan and coil equipment or do' -:e duct systems
with constant volume mixing boxes, may be considered for o:.pcific installa-
tions. ltowevtA, r:o design work shall be done on such alternate systems:
unlesu specific approval has been requested and received from the
Cov ernment.

7. S SUaration of Suppi) va d dXIIu:,t : Thie tolil[ding vxn t.ilation o1,L -
side air inleLs shall be separated as far as t--acticable from the points
of c•-haust:. In selecting locations considerati-on shall be given to prc-"

AL I vailiag wind p3tternls of the geographical area. (At Fort Detrick it is
preferable to locate exhaust discharges generalLy cast of the air inlets;
sce 2-13 1).

2.14
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DES!EN CRITERIA 2-04 C.7

8. Outstde Air Intake: In the design of outside air intakes, consid-
eration must be given to their continuous operation in adverse weather.
Rain and snow must be baffled out of the air stream so it will not wet or
clog the filter. Plenum floors must be water-tight and provide for drain-
age. Preheat coils and their associated controls and piping shall be
designed aad arranged to prevent them from freezing. Uniform air
velocities across the face of louvers, filters and coils are essential.
Baffle shall be installed to minimize effect of wind on air supply.

D. Central Fxhaust System

1. Exhaust Fan: The main exhaust fan shall be equipped with variable
inlet vanes, which shall be regulated by a static pressure controller to
insure a reasonably constant negative pressure in all exhaust ducts as
filter resistance changes.

2. Exhaust Stack

a. Velocity: The exhaust stack shall ex:tend at least 5 feet
higher than the highest point of the roof and shall provide a vertical
uncoered discharge at a minimum velocity of 2,500 fpm.

b. Location: The exhaust shall be downwind (east) of the air
- inlets (see 2-04 C.6 above).

E. Room Ventilation

I. Individual Rooms: See Table 2.1.

2. Special Rooms: See 2-05 below.

3, Constant Air Flow.: In order to insure a reasonably constant air
flow rate to each room at all times (see 2-02 B.4), the following meas1ires
are taken.

a. Room Exhaust Fressure: A static pressure regulator in the
main contaminated exhaust duct (see Plate No. 2.1) controls the exhaust
fan inlet vanes to maintain constant exhaust pressure.

b. Operational Controls: Manual valve adjustments and automatic
dampers are used to compansate for buildup of filter resistance in
individual exhaust systems (fume hoods, safety cabinets, animal room
exhaust, etc.).

c. Foulpment Exhausts: The individual exhaust systems for all
types of equipment are operated couttuuiously (fume hoods, cafety cabiucts,
etc.). Equipment exhausts shall be i:cluded In d.ciermining the miniUt,,t
num'ber of air cheanges per hout (see 2-01 E).

Ia d. Ium.e !Ioods: Fume hoods are eqvipped with automatic con-

. p~n s az ing devices to ia ~ain constant Cexhaust flow from the room Ls
v hood opening is varied.

2.1.5
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2-05 SPECLU, ROOMS

A. General: This subsection supplements Table 2.1, in which individual
ventilation requirements for various types of roons are listed in the
column headed "Remarks."

B. Animal Rooms

1. Reference: See Table 2.1, Item 6.

2. Types of Room: See 1-03 C, ARCHITECTURAL.

3. Animal Cages and Cage Racks: For definitions and descriptions
see 4-02, EQUIPMENT.

4. Ventilated Cage Racks: For the ventilation requirements of closed
ventilated cages on racks see 2-07 B. and Plate 2.2.

5. h,:midif i.er: The individual humidifier required for room humidity
control may be located in the room or the attic, depending on the
circumstances.

6. Constant Atr Fl•w: To avoid variation in the room air flow when
a cage rack is removed from the cage exhaubL ....fol., a fed ori.fi..e
is inserted in its place, as indicated on Plate 2.2. When only non- K
ventilated cages are used in the room, orifices are used in all manifold
connections.

7. Air Motion: Air velocity shall not exceed 40 fpm in vicinity of
S i open cages, to avoid drafts. Diffusers arc not desirable. Exhaust should

be located so that air in contact with animals will not be circulated
past other animal,

8. Dust and D)irt: The air supply and distribution systems shall be
designed to minimize the p-ck-up . . redstrA•• -ion of animal hair, dust,
and dirt. Filters that are easily serviced from the room shall be
installed over the room exhaust openings. A roughing filter shall be
provided in the cage rack exhaust manifold (see Plate 2.2).

9. Insulation and Vapor-Barriers: See 1-05 B.1, ARCHITECTURAL.

10. Emterency Ventilation System-

a. Ventilated Suit Animal Room: If an emergency power system is
available, then an additional roughing filter, 1fP& filter, and fan
(connected to the emergency power system) shall be provided tL) exhaust
room air directly to the atmosphere (see plate 2.1.).

- . Ordinary AiImal Rooms: If blower for ventilated cage racks
is on an emergency power system, then exhaust should ditscharge directly

' "-(i. to atmosphere (see plates 2.1, 2.2).

4/70
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(

"C. Glassware and Cage Washina Rooms

1. Reference: See Table 2.1, Item 7ý

2. General: Since the equipment used is a source of high heat and
humidity, air conditioning to maintain comfort conditions is not
economical or feasible. The present approach is to hood the equipiient
to remove as much heat and humidity as possible at the source, and to
ventilate with a limited amount of conditioned air.

3. Preferred Location: See 1-02 B.8 and 1-02 B.9, ARCHITECTUR\ýL.

4. Hooding of G?.assware and Cape Washers: See 2-13 E.3.

D. Flammable Material Storage Rooms

-.... l. i.Description: See 1-03 J, ARCHITECTURAL and Plate No. 1.13.

2. Exhaust Fan: The exhaust fan for the flauiable material! storage
room shall be spark-resistant (AMCA Type B) and shall have an explosion-
proof motor.

E. Waste Collection Treatment Rooms

( 1. Reference: See 1-03 I, ARCHITECTURAL.

2. General: The liquid waste collection treatment unit (blowca.se) is
a large heat source in a contaminated area. To keep the room temperature
to a tolerable level without requiring a large supply and exhaust capaity,-
of filtered air, a water-cooled unit cooler is used, with air recirculated
withtin the room. Make-up air to provide six air changes per hOUr nay Iw
supplied from the general contaminated space supply system, or a separate
supply of filtered, non-conditioned atr may be conisidered if it ig iinre
economical, Capacity of the exhaust bystem rhall be 1107 cal-icity of
the supply system, to provide a negative pressure.

3. Bacteria! Filter: If a separate air supply system is i-ro-ided, it
shall include a high-efficiency bacterial filter, which shall be mountied
so that it may easily be removed into the room it serves.

F. Refuse Incinerator Rooms: See 4-04 C, EQUIPMENT.

12-06 VENTILATION OF SAFETY CABINETS

A. Cabinet Types and Descripti See 4-01 A, 4-01 C, and 4-01 E, EQUIPNLNT.

B. Ty•pical Diagram: See Plate 2.1.

C. Ventilation of Class I Cuhiaeits

9. 1. Individual Cabinets: Ind[vidual Class I biological -;,.iety c-biuLt,;
shall each be equipped with a high-eff.cicucy bacteýrial filt...r ('vr 2-09 C)
attached to the cabinet, and a fan located in Lhe attic. The tan shall

4/70
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discharge into the central exhaust system upstream from the central
exhaust bacterial filter.

2, Array of Cabinets: Class I Biological Safety Cabinets joined
together in an array shall each have a bacterial filter (see 2-09 C),
from which the exhausts shall be manifolded to a single exhaust fan
discharging to the main building exhaust.

3. Constant Flow: The cabinet exhaust blower operates continuously
to maintain constant air flow from laboratory rooms. When a Class I
cabinet is used with the front closed, greatly reducing the cabinet air
fl.ow, a by-pass opening in the cabinet exhaust duct. downstream from the
cabinet filters, keeps the blower flow rate constant.

4. Exhaust Ducts: Exhaust ducts shall be of galvanized sheetmetal
with all joints and seams sealed pressure-tight (see 2-10 A).

5. Reguired Air Flow

a. The exhaust system shall be designed to provide air flow with
a minimum velocity of 60 fpm through work openings. For design purposes
it shall be considered that the glove panels will be removed. The exhaust
system shall be designed to maintain the required air flow through the
cabinet openings when the resistance of the bacterial Jilter gradually
increases from 1 inch w.g. (clean condition) to 2 inches w.g.

b. Exhaust systems for double-sided Class I biological safety
cabinets shall be designed upon the assumption that glove panels will be
removed simultaneously from both sides of the cabinet.

c. When the cabinet is operated with gloves in the ports, the
exhaust system shall maintain a cabinet pressure of minus 1 inch w.g.
minimum.

6. Controls: See 6-04, INSTRUOI•ATiON.

D. Ventilation of Class lI Cabinets

1. General: The Class III biological safety cabinet is the most
important single piece of equiplment in preventing; laboratory infections
at Fort Detrick. For a definition and description see 4-01 A and 4-01 E,
EQUIPMENT. For a typical ventilation diagram see Plate 2-1.

2, Reduced Pressure

a. The fan motor on the exhaust system is the only power
utilized to ventilate the Class III cabinet system. This ass'ircs that
the cabin.ts will be maintaiilud at rye w,,ed presokuir',

b. The cabinet ventilattiun systems shz-ll nn-intaif at ]easL 3/4
inch w.g. negative (less'than laboratory atmrosphere) pressure withill the
cabinet systems.

4/70
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3. Inlet and Exhaust '

a. The air inlet and exhaust con-nections to the cabinet system
shall be located to avoid short circuiting and to provide even air distri-
bution. A sweep of air shall be provided in a direction to be dictated by
the process or equipment contained within the cabinets: e.g., exhaust
connections shall be located directly above or as close as practical to
sources of heat, uch as sterilizers, or to sources of high contamination,.

b. Each air inlet and exhaust outlet in the catinets shall be.
equipped with a diaphragm valve located at the ventilation connection on
top of the cabinet to allow halogen leak-testing of the cabinets (see
4-18, EQUIPMENT).

c. When more than six cabinet units are connected together in
one cabinet system, two or riore sources of supply and exhaust will be used.

4. Flow Rate

a. The minimum ventilation rate shall be 10 air changes per hour
(4 cfm per standard 30" x 40" x 34" cabinet unit), or sufficient to limit
to 10 F the temperature rise due to internal heat load, whichever is
greater.

b. The cabinet exhaust system shall be designed to maintain a
minimum velocity of 50 fpm through a single open glove port. (In general,
this requirement is met by the above-specified flow rate.)

5. Inlet Filter

a. The source of air for cabinet ventilation is the laboratory
room air. It shall enter the cabinets through }IEPA air filters attached
to tne flanged openings provided on top of the cabinets. For details of
the Standard Biological Safety Cabinet Inlet Filtero see 2-09 D.1. Each
filter w.... K. 4,, .a11onA hnrwtoen the globe or gate valve aud the cabinet.

b. For special applications, Class III cabinets may be pr•'(ided
with a special atmosphere (inort gas, low humidity, etc.). In such cases
the required flow rate may be less than 10 changes per hour; however,
the inlet filter size shall be based onl 10 chaniges per hour minimum.

c. Provision shall be nmde for sterilizing the. inlet filter.

6. E-xhaust Filter: All air exhausted from Class TIT cabinet systems
shall pass through REPA filters (see 2-09 D.2); provision shall be madle
for sterilizing the filters. Each filter will be installed between the
valve and the cabinet. Fittin•,s shall bc installed onl each filter to
allow for in-place DOP testing.

7. Air Ilcineracor: The cabinet exhaust air shall pass from the

exhaust filter to ai incinerator. See 4-011 A and L3. EQUIPMENT.

4/70 L
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8. Exhaust Pipe Linezs

a. The exhaust air from Class I11 cabinets is carried in pipe
with gastight welded joints, conforming with the requirements listed ill
subsection 2-08, Contaminated Vent System to Incinerator (CVI).

b. The pipe lines carrying air exhausted from Class Illi cabinet
systems shall be pitched to drain toward the cabinets and shall be
arranged in a manner to avoid pockets or traps.

c. If an array of cabinets is equipped with gastight isolation
doors, each isolated section of cabinets is considered a separate cabinet
system and no two sections may be manifolded together.

9. Instrumentation

a. See also 2.11 F, and 6-04, INSTRUMENTATION.

b. Magnehelic-type gages for indicating negative pressures
between 0" and 4" H-20 shall be provided in sufficient numbers and in loca-
tions to permit observation of the pressure at any time in any cabinet.
It is not necessary to provide gages for every cabinet unit, but gages
should be provided for each isolated section of a cabinet system that
will be under the same condition of pressure at all times.

c. Each isolated cabinet section shall be provided with an
alarm device that indicates with a light and a buzzer when the internal

I pressure of the section reaches minus ½ inch w.g. The buzzer shall
sound contii.uously only when the condition exists, but the light will
remain lighted until manually extinguished.

10. Class Ill nyvelope: The Class III designation is restricted to
safety cabinet systems as defined above. in the past the concept has been
applied occasionally to such cases as chambers, tanks, or rooms that pro-
vided a "gastight" envelope. This usage has been discontinued, and iiL the
case of rooms is replaced by the Ventilated Suit Area (see 1-03 B,
ARC HITECTURAL).

E. Ventilation of Laminar Airflow Safety Calbinets

1. Filters: 1EPA-type filters only are used for both the recirculating
air and the exhaust air. These filters must be checked by the dioctyl
phthalate (DOP) standard test when the cabinet is received aind installed
and after filters are changed.

2. Air Exhaust: In general, the exhaust air will be discharged
through the HMPA filter into the laboratory room. In a few special
installations thLL willli he s'Cciiicd, thl e.-2iist ai \nj 1.1 1w dir'tctcd
through a duct to the building exhaust system. The voluhm of exhaust air
will be between 1.0 and 207. of the volume of the riecirculated air.

3. Air Vgjcosjxy: The downward air flow at all points Lwithin the

4/70 cabinet should be 100 Ifm +i20%.
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4. Sterilization: Before IGPA filters are changed, the cabinet,
including filters, should be sterilized. This sterilization is best
accomplished by using formaldehyde gas generated fro:a parafornmadehyde.
A flexible duct (e.g., polyvinyl) should be run from the exhaust opening
of the cabinet to the exhaust grill of the lhbcratory room to prevent
formaldehyde from entering the roomi during formaldehyde generation and
during aeration of the cabinet after sterilization.

2-07 VENTILATION OF OTHER SPECIAL EqUIPMENT

A. Scope: This subsection covers the ventilation of special equipment other
than safety cabinets. For ventilation of Special Rooms see 2-05.

B. Ventilated Animal Cage Racks

1. Diagrams: See Plates 2.2 and 4.8.

2. Flow Rate: The exhaust system shall exhaust 37 cfm per four-tier
cage rack and 2 cfm per monkey cage.

3. Pressure: The hose connection to cage racks sha] bl maintained

at a negative pressure of 5 inches w.g.

4. Exhaust Ducts and Pipes: Exhaust manifold in the room shall be of
44k. galvanized sheetzetal with all joints and seams pressure-tight (see

2-10 A). Exhaust headers in chases and attic spaces shall ho constructed
of 18-gage black sheet steel with all joints and seams welded.

5. Pitch: Exhaust manifold shall pitch ¼ inch per 10 feet toward
the cage racks.

6. Exhaust Filter: Exhaust air shall pass through a high-efficiency
filter (see 2-09 C) and fan located in attic. Fan shall discharge into
c.entral exhaust system upstream from the central exhaust bacterial filter.

C. Chemical Fume hoods and Radiological Hoods

1. Ceneral: Exhaust system equipment for chemical fuiue hoods and
radiological coods shall be of vertical, floor-mounted type consisting of
a welded black iron casing painted on the inside with corrosion-resistant
paint, high-efficiency particulate filter (see 2-09), and centrifugal
exhaust fan (see Plate 2.1).

2. Ducts: Ducts shall he chfe:;,ical- and corrosion-resistant and sealed
pressure-tight. Ducts shall be arranged to avoid condensation or traps..

3. Exhaust Fins: Exhaust fais shii1l he centrifugi'al , with cast iron
housing and ion-sparking wheel. A 3/'+-inch trapped drain to a CCD line
shall be installed in bottom of th( scroll. Fars shall be provided with
vibration-isolation bases. No litharge-glycerin cement shall be used
on the exhaust: fan housing or any other parts of the exhaust systemi.
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4. Flow Rate; The exhaust system shall be designed to produce a

linear flow of 60 fpm across the front of hood with sash raised.

5. Constant Air Flow: See 2-04 E.3.

6. Exhaust line: Exhaust line shall go directly from fan located in

attic to outside throigh roof,

D. Refuse Ircineiator: See 4-04 C, EQUIPMNT.

2-08 CON%'T,MNýATED VENT SYSTEM TO INCINERATOR

A. A1iJcasion: In general, air from exposure chambers and process equip-
.,1. [ment in which aerosols of infectious or toxic substances are formed or

are icely to occur will be exhausted through the CVI (contaminated vent
incinera•tor) system. Also, any item of equipment having waste connections
to a litquid waste collection treatmert unit will be vented to toe CVI

yst-'.•, The follcowing list, not necessarily all-inclusive, includes

0q(1inmtent from which air is exhausted or vented to the CVI system.

1. Wast-, collection treatment units.

2. Class IU.! bi nlneical safety cabinets.

S3. Plumbing vents on equipment connected to Class III biological

safety cabinets.

4. Air-wash unit on sterilizers connected to Class III biological I
safety cabinets.

5. Vacuum discharges from equipment connected to Class III

biological safety cabinets.

6. Discharge front safety valves on sterilizers that are attached
to Class ill biological safety cabinets.

7. Discharge air from process equipment."

8. Aerosol chambers.

B. Steam-Out Connections: Provido block valves and steam connections
in CVI lines before leaving the building to permit steaming out the CVI
system. Facilities and connections for halogen leak-testing should also
be provided.

C. Materials and Accessories: See 3-04 F.4, PIEIFS.

2-09 BkCTERTAL FILTERS

"Ic.' A. Ceneral: Bacterial filters are used primarily on exhaust lines carryiug
* contaminated air or other gases. They are also uscd in some cases on air

or gas inlets to provide a dust-fi:ee or gerru.-free atmosphere, or to pro-

tect the inlet line against possible contamination in case of accidental

2.22
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2. Exhaust Filter

a. For required use see 2-06 1),6.

b. The safety cabinet exhaust filter employs a IWEPA medium (see
2-09 B. I). For details of filter design see Fort betrizk Drawing F93-1-
6419, sheet 2 of 2.

E. Filter Sterilization: Bacterial filter sections installed in plenums
or casings shall be equipped with a steam-Zormaldehyde spray system for
sterilization. Steam and formaldehyde shall be supplied at a point as
far as possible upstream of the filters through a connection on the casing
by means of an ejector system as shown on Plate 2.3. Ejectors shall be
of the steam-operated type.

2-10 MET HODS AND NATERLiLS

A

A. Exhaust Ducts

1. Exhaust ductwork carrying contaminated air through non-contaminated
areas shall be made pressure-tight (as determined by soap bubble test at
44 inches w.g ), including all joints and seams.

2. A!, _cS a•at run outside of a bul Iding will
'• ( have sojdered or welded joints and will pitch to a contaminated drain.

A .. The exterior of such ducts will he painted with a weathar-resistant coating.

h. Caulking of Dulct Penetrations

1. Ducts passing through floors or through walls separating areas
of different contamination levels shall be sealed as specified in 1-05 E,
ARCHITECTURAL.

2. Where ducts pass through walls or partitions withir- the same
level of contamination or in non-contaminated spaces, special sealing
shall not be required, except for groutinig and caulking.

C. Caulkin& of Accessories: Caulking of casing flanges on floors, around
duct openings, filter frames and supports, louvers, etc. shall be done
with Construction Gcade Sealing Compound, as specified in 1-06 A.1,ARCHlITECTURAL.

D. Exhaust Plenum: The bacterial filter section in the exhaust system
shall be set on a waterproof concrete drain pan having a 4-inch-high curb
around its perimeter (see subsection 3-04 B. 71). P11111G). Bufilding exhaust
ducts shall not enter through the drain pan. See also 2--i3 L.I.

"E. Innsulati on
I'. Piping insulation, see 3-06, PIPING,

2. Supply ductwork beginning at the cooling coil, shall bc ins;ulated

in the attic, utility spaces, and other unconditioned spaces.

2.24
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3. All insul~ation, vapor-barr ier aidl dtict-1ni, u tx ý ALer iat s Shall beh

n~onco:.1Iti! t. ib ½ as defi~ned in sect ion 200 of the Nat ioia.i 1U fliIdi~ng Code,
shall have a flaime ý-spread rat tog of not iinte tico:l- i5-2(), a fiec -contributed
ratitug of niot more thitn 20-35, anid aL s;,ake-developed .. igof not 11ore
thanl 0, as (10 finled inl thle. Meth:od of Testt of Surfa-ce tulrnling Characteristics
ini thle Building Materials Lis:t of the National Fire Protection Association-

4. Where- insulation duicts arC S.!LIfltct to0 \QashdLOuo, they shall be
coveredl with a f inishing jacket ot 8- outnc~e cankva's, ceirxeiteu in place with
lagging cement and covereld With two coats Of lt)gging c~~l.The lagging
cement shall be of the polyvinylacetate type. For inih painting see
1-06 C, ARCHITECTURAL.

2-11 CONTROlS

AA. Scope: This subsection is limited to spcial, criLceria based onl
biological safety considerations. Additional iafo?.rrxAtton will be foundi
in Section 6, INSTICP MLFNAT ION.

B. General: The control system sh~all be of the #-electric or pneuevitic type.
The control system shall operate year-rouind wirhal'.- any seasonal
change-over.

C. %Ce-ntral Ventila-tion ',yqtem (Contaminated,!: T11 air suipply system to be

controlled consists of a prefilther, preheat cc:-cooWling coil, suipplyN
*fanl, and room reheat: coils, The. exhauist sy-~eii to be cont~rolled cons3ists

of a bacterial filter, exhaus;t fan, and a pre!sure control system that

operates fan inlet radial blade dampers tx -oinpeitsatc for filter resistancef
changes (see Plate 2.1). See also 2-04 C.5 for alternative ;ystems.

1. The exhau~st fanl twIist be started before the supply fani can function.

2. The. so pply fanl Lhc111 cease ope rat ion whten the exhautstfneos

3. All building rafi.' exshaust and attic venitilati-on shall be capable
of being, shut off by at switch located outs ide the h bi l 0i"1 ;. ini- accordance
with 5-O8 D.4, ELECTRICAL.

4. Roomt pressure shalt b~e estab~lished at the rec~niired le'vels by
initial manlual balance of air flows. Air flow resistance incrense up

to 1" w. g. through the bacterial filter: shall be comapensated for by the

pressuire control systemi modulating the exha:'ust fanl radial blade damInper.

1I. Ventilation Syst-em (oCurniao):Any exhauist fanl ser-ving, the
non-contaminated area shiall cease operaltionl whetl L1. :supply fanl stops.

E. Ivacterial Filter Pioessure D)rop Idoniltnriniý: All ba-cte~rial filters7,

except for- Class Ill saifety cabinlet in let. an'od nutor filt-ert", fsh.fl I be
C ontoedwih differential pressure inidicýat~or ot Lagtuht:tic~i typ% IIIo011Lte!

on the Outside of the filter casing across; the bacterial filter baink.-

4 /70 __________________________
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F. Safetvy Calinet Control

1. Class I and Class III Biological Safety Cabinets, and olher Safety
cabinets shall no_ be interlocked with building c¢utral exhaus.t fan or

fire alarm.

2. For Class III safety cabinet pressure alarm see 6-04 B,

INSTRUIhENTATION,

C. Fumne Hood Control

1. Each chemical or radlological fume hood system shall have an
individual exhaust system consisting of a bacterial filter and exhaust fan.

2. The hood exhaust fan shlall be shut off when the building central
exhaust fan is stopped.

3. Fume hoo. pressure shall be established at the required level
by initial manuaL setting of the exhaust fan suction damper.

4. For constant-flow arrangement see 4-09 G.1, EQUIPMEN'W.

5. Air flow resistance across the bacterial filter shall be mouitored
by a diftereatial pressure indicator.

11. Animal Room: Each animal room sh-ill havu its own system ol temperatut e

and humidity control, which is to be manually set.

1. Flamnmable Material Storage (In ContamiluAtcd Areaq). Exhauist system shall
consist of a norumally open damper in wall and fan discharge duct, and an
exhaust fan (see Plate 1. 13). Exhaust fan shall be spark-resistant (AMCA
Type B) with explosion-proof motor. Exhaust air shall discharge directly1 atre peratrog"hih.to ag h-efficiency filter if space is in contaminated

area.

1. Both the ... i.pa. an" fa n.. h ho interlocked with CO 2 system so

that the damper closes and the fan ceases operation when the CO2 system
is actuated.

J. Clean Charige Room Temperature Control: Each clean change room shall
* have a means for independent temperature regulation. See Table 2.1,

Item 2.

'2-12 TESTING AND BALANCING

A. Al 1 air handling systems shall be tested and balanced, usivig the
services of an independent air balancing and Lesting agency. The 1:ilauciugii

* . a.1h be done w thI all bifId l tZ11b ,nlyV an( exhKaust f:ios iln operation,
The proposed testing and halanciing pioc'dure s shall b, .,ahubmitt-ed t 01

prior Government approval.

1/70 L
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2-13 "ORT DIETRICK DESIGN PRACTICES

A. Scope

"1. This subsection contains criteria and design in[ornmtion not
related to biological safety considefations and is not intended to be
comprehiensive.

B. Outside Conditions, Fort betric,.v Frcderick, Maryland

1. Latitude 390-25",
2. Elevation 325 ft.
3. Temperatures:

Summer: 91 F dry bulb
76 F wet bulb
78 F wet bulb (cooling tower design)

1Jinter: 5 F, dry bulk (for load computatior)

4. Daily Temperature Ruige:
Suimner: 20 F

5. Wind Speed:
Summer- 10 mph
Winter: 15 mph

C 6 6. Prevailing Wind Direction: .,Wcst,
Sunmer: SW

• Winter: NW

C. Heat Gains from Equipment and Aninals

it 1. Autoclaves, through partitions - hooded, both sides (sensible
heat to roonk).

IA ..... &e t.. ... n S,,, (.. n, en ion

16" dia, x 24" long 1500 Btu/Hr 920 Btu/lIr
20" dia. x 36" loug 3000 " 1880 "
16" x 16" x 24" long 1860 " 1160
24" x 24" x 36" long 6000 " 3800
24" x 36" x 4V:' long 8250 " 5100
36" x 42" x 72" long 14000 " 8700
48" x 54" x 96" l]ong 21500 " 13400

2. For heat gains from animals and cage racks gee 'lable 2, 2. [
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Table 2.2 Heat Gains From Aninal;

Open Cages Open Cages

Ave. Without U.V. With U.V.*
Weight, lltu/lr/Animal Animals Btu /r/Rack b tu/hIr/Rack

Animals Lb. SH.+ L. 1. + Fev Rack S.11. L..H. S. H, L,.l.

Cuinea Pigs 0.9 3.3 1.7 40 132 68 682 68
Mice 0.05 1.4 0.7 640 896 448 1446 448
Rabbits 5.7 21.1 (A 10, 6 24 z,06 254 1056 254
Rats 0.7 2.8 1.2
Monkeys 7.0 20 10
Cats 6.6 18 6 * U.V. contributes 550 Btu/Hr/Racr,,
Chimps 30 60 30 based on 20 watts per U.V. lamp.
Dogs 25 50 25 For ventilated cages, heat load is
Sheep 140 200 80 from U.V. only, and is 550
Swine 250 320 100 Btu/Hr/Rack.
Burro 400 450 150
Ponies 600 600 200
Horses 1200 1050 350 + S.iL,=sensible heat; L.H.-latent heat.

D. List of Components

1. Ce_.uCral SuplPv System

Prefilter
Preheat Coil
Cooling Coil

4 Supply Air Fan
Space for Future InstalLation of Bacterial Filters
Ductwork for Distribution
Reheat Coils

2. Central Exhra-st System

Registerh
Luctwork
Statir Pressure Regulator to Control Far Inlet Vanes

Connections for Decontaminating Filters
bacterial Filter
Exhaust Air Fan

E. Plenums and Casings,, ousings and Accessories

1. Plenurns and Casings: I'lenums and casings shall be fabricated of
minimum 18 gage galvanized iron sheetmetal. Exhaust plenums and casings j

shall be riveted to n welded integral. an:mle iron frame to witnsctand I
pressures up to ± 5 irchcs w.g. Sheetmetal juints shall be riveted on
maximum 4 inch centers and shall be soldered pressure tiglt. Internal
surfaces of the casing shall be painted with corrosion-resistant paint.
Access doors shall be dogged and gasketed to insure pressure tightness.
All plenums and casings olia)l be provided with a 10-gage galvanized sheet

4/70 ,!
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r',etal pan turned up six (6) inches on sides with all joint,,; ,-,oldered. A

two (2) inch concrete bearing surface shall be poured in the pan.

2. Autoclave Exhaust Iloods (for autoclaves 20" dia. x 36" long and
laLrge L).

a. Exhaust hoods shaIl bc fabr-icated from m, -nimum 20 gage
shretmetal and galvanized aigle iron reiuforcement where required.

b. Clearance at sides shall be adequate to permit operation of
hand valves. Safety valve shall be visible..

c. buct from hood shall connect to building central exhaust
system.

d. A wall exhaust register connected to the duct near the
ceiling shall be utilized to remove htat-laden air from the laboratory.

e. Insulation covering shall be painted before installing
hooc. One entire side of hood -hall be removable. Paint interior of
hood. Where several autoclaves are placed side by side, they shall be
enclosed in one large hood instead of separate hoods.

t -. 3. Eiood nin Venting of Gage Washers and Iassware. Wasitei,C I
x ,. a. A sheetmatal hood shall be designed to confine and collect

heat and moisture generated by the equipment. The hood shall have
insulated side panels, but shall not interfere with the operation of

7i• the equipment.

b. In ron-contaminated areas the hood shall have a., exhaust
blower which shall provide 50 fpm air velocity across load face area.
In contaminated areas the hood wiýll exhaust directly to the c(:ntral
exhaust system, without a separate blower.

c. Air exhaust duct from the washer hood shall be galvanized
with soldered joints and seams, and shall be pitched to draini back to

j the washer.

tt d. The blcwer, if required, shall be rustproof and accessible
for service. The scroll shall be drilled and equipped with drain line
back to the washer or other convenLent drain.

41/70
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SECTION 3

PIPING

3-00 INrRODUCTION

A. Scope

This section i'- addressed primarily to those architect-engineering
personnel concerned specifically with the engineering and design of
piping for microbiological facilities at Fort Detrick, It applies to
new facilities and to modifications and additions to existing facilities.

B. Organization of Section 3

The remainder of this section is divided into the following main
sections:

1. General
2. Service Piping
3. Process Piping
4. Waste Piping
5. Fire Sprinklers

. : •6. Insulat ion

7. Marking and Color Codec13-01 GENERAL

A. Categories of Piping_

1. Service PipinZ: Szrvice piping includes all contaminated and
non-contaminated servi-es.

2. Process Pipirt•: Process piping is used for the tr-ansfer of
agent material between process systems.

3. Waste Piping: Waste piping, including 'drains and vents, is
divided into sanitary waste and contaminated waste.

B. Lis t of Pipint__ervices: Tabie 3.-I -sub-sectiun -3-07,-lts -the name*L,. . -
symbols, and color codes of the various piping services. Color codes not
"found in this list will he found in ASA, A 13.1.

C. Piping Guide: A guide .f material requirements for services, coveringu
piping and tubing, valve&, fittings; etc., is given in Appendix C. 1{ecom-
viendations by architect-engineers shall be rade when cost, life expectancy,
corrosion, or project requirements warrant other wcattrials of construction.

D. iTniQ.fr)oLfe Ceneral piping shall conform to the National Plumbing
Code as detailed in ASA, A 40.8, except as ouLlined heluw.

"E. bypasq Loops: Bypass loops shall be installed in all nain headers to
"facilitate corrosion testing.

14/70 3.
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3-02 SERVICE PIPING"

A. General

I. Three Categories of Service PiPing

a. Contaminated services that serve the contaminated areas of

the building. Examples are ILsted below. It should be noted that the
designation "Contaminated Service" does not mean the service itself is
biologically contaminated (with the exception of CVA which is potentially
cont•ui.nated) but only that the service is located in and services a
cont'n•adnated area.

CCW Contaminated Cold Water Service
C[WH Contaminated Hot Water Service
CVA Contaminated Vacuum Service
PRA Process Air (Contaminated)
DPRA Dry Process Air (ContauiLnated)

bs. Non-conteminated services that are the same type of

services as the contaminated services, but serve only the non-
contaminated areas of the building. Examples are:

1NCW Non-Contaminated Cold Water Service
SNIW Non-Goontaminated HpL Water Service
NVA Non-Contaminated Vacuum ServiceŽ

c. All rermaining services that may serve either' the conta!!L-

natce or non-contaminated areas of the building. Examples are:
ICA Compreaed Air

DCA Dry Compressed Air

NA Mask Air
iA iDsLt'erient Air

PG Propane Gas
]00--i l00# Steam

(lO-S 60# Steam U
10-S 104A Steam ~- - - ---

DW Trrinking Water
DIW Djstilled Wat'cr

SDMW Deionized Water
N Nitrogen
T Decontaminant

2. Valviiig Requirements

a Shut -Of[ Va1lvr"•'e Shut -off v'aI . are r,.,u kc. on all
branch lines at the headers. Valves arc also required on all bh.a-nuh
lines entering rooms. All valves mti4t be placed in acctissible
locations.

3/68
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b. Diayinrarnm Valve.s: Diaphragm type valves are specified
for several types of cnntaminaLad service (see Appendix C) because of
their leak-tight design and suitability for decontamination. Where
installation of diaphragm valves is required, they shall be located in
a vertical run of the line whenever possible in order to minimize
pocketing of the liquid within the valve. When installation is required
in a horizontal run of the line, the stem of the valve shall be turned
so as to be 15 degrees above the horizontal plane.

c. Foot-Operated Valves: Foot-operated valves are required
for all drinking fountains (no hand-operated valves are permitted).
On all wash bowls on the cuntaminated side of the change roomus, foot-
o ar knee-operated hot and cold water valves that are not rodent
harborages shall be installed.

d. Elbow-Operated Valves: In at least one (1) sink in each
autopsy room, water control shall be by means of elbow-operated valves.
These permit turning the faucet to run at a constant rate, which cannot
be done with a foot pedal.

e. Shower Valves: Change room shower valves shall be of the
1ingle unit mixing type, thermostatically controlled. The valves shall

be "non-scalding." having pressure equalizing features to allow for
sudden pressure fluctuations n 'n wthe water supply. Strainers shall beKr installed in the hot and cold water supply linos to Lhe shower valves.
No valves shall be installed after the shower control valve.

f. Solenoid Valves: Where pressurized gas systems such as
. air or nitrogen enter biological safety cabinets or process equipment,

' they shall be equipped with a solenoid valve controlled by a differ-,
* .ential pressure switch on the equipment. The tolenoid valves shall

be the normally closed type to prevent pressurization in the event of
a power failure. Sol'onoid valves should be preceded by a fine mesh
strainer to prevent clogging (see Plate 6.1).

g.. Distilled Water Valves: Distilled water outlets shall be
-. ... . equipped with spring-loaded valves. _

3. Location of Eq .Ui ent

.a. UnIess otheiivise specified, the equipment required to
provide services for the building, such as compressors, pumps, etc.,
shall be located in the mechanical equipment room.

4. Services to Special Equipmeot: The following tabulation lists
the piping services normally required for safeLy cabinets and special
equipment. For electrical services see 5-04, ELECTRICAL.

3/68
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t ~ CL~0"0 P2 Ca 0 0 ( :1

Biolgial Sa.e.y

Biological Safety Cabinet, Autopsy X X X X X b

Biological Safety Cabinet, Class I X X X X X b

Biological Safety Cabinet, Class III X X a X X b

Radiological Hood X X X X

Chemical Fume Hood X X X X

Cage Service Cabinet X X X b

Retrtgerators ('Waik-in).X .

- ,Incubators (Walk-In) X X

Steam-Gas Sterilizer (Combination X X
Steam-Freon ETO Sterilizer)

,.Steam Sterilizer X

Sterilizer, mechanical Air Removal e X

NOTES:

-. Siluuld pI:upane -gas -be -requircd to-this --ciuiLment- (to be _-S H -'P i ...

'- fied by the Goveunment), this line must be equipped with a "dead man"
* type, spring-loaded shut-ofF valve or an automatic timed (10 minute)

type of shut-off valve. Wherever possible, portable canister gas supply,
"alcohol lamps, or electric heater shall be used in preference to the
above.

b. 10# steam shall be provided for carrying out: sterilization of
cabinets with steam-formaldehyde (see Plate No. 3.1). The steaw control
valve should be withini easy reach.

c. Hligh vacuum must be supplied, either by mechanical or steam
jet ,perntLion.

3/68
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S. Misck!L!nieouis

heavy-dury, quick Opening, closing,, piston t.ype vaIvF', "Ind sha~l. 1)'
installf Iiecl aoove r Jlo r ~!a a . The sa ety sliovr shall tbe It,

located and cquipped with aI Chatit pull tiat if A IlwrSL)n iS teuLIPorarily
b liaided fie call fee I his way to the safety' SluOW-r Chaiin. The supply 1 !ue
to the. saftety illarwer 'Shall be 1, iach anid shalL iti connected to ,he nonl-
coataialnatod water supply system. Thecre zshall bte no v'alv'es i-nstal lod
in the 1-inlch li-ze between th%ý quic.k-opemLug elic-.er control valvt- and
the main, non-contAuituated vrte~r supply header. The. shcuer head sha7ll§
bho an 8-inch deluge type with no voids in t~te fLow - IL shall be a
self-cleaning, voni-clogging type that will opaca~t. kil tnlfiltered water
supplies. The floor under th~e safety shower shall. be. painted green.
A safety shower shall, be installed iii each laborat-ory ConlLaIing a1
chem~llical fUtte hood or a radiological hood. In addition, one Safety
shower shall be instal ele in the contanifnrated corrIdor ot bot hlliug
above one of the corridor fIQCor drdinAS alld OnI Qeach floor Of the. hUldI*,v
A safety shower shall be instalLed in each dishwashing room in WhIch pco-

visicn is ulade for rout~ine uise of acid cleaning7 Golutioni. rf a ccontamt-
nated corridor is separated by aLn air- luck, there shall be a Safety
shiower in each section of the c~orridor.

(b. hose Iiihs: At lemis oiv., 314-i-nch !i osc' h~il sI-n'11 be pro-()
vided in each Contaminated corridor for wAsh Lno Lh- acea. The hose
bib stat ion shall be provided with ni hose hook and 50) feeL of 5/S-Inch

I.D. garden type water hoseý equipped with a pistol grip ncezzle. A d 6P
tional stations shall lie in~tkl lod azi requlve-d so that. alt a!:e-as c-ir

be serviced by 50-foot lengths of hoste.

C. wn Spouts: Suin,- spout s for wata shall Ito i-c' t
all laborator~y and glassv'-.re washinit sinks.

a. Fire. Sjo ifll, lrs : seie 305.

6. Installa:iLon M,?thOds,. ryia p iping Shall1 be installed w~th j
slpiugliur -'L~Usc-O CI '' -li unls~de rzd to iSoliu--.....-

branch water lines within a tng.complex, nul-a-isclcce. laboratory
bIt dill,[. TO a1VOid C~rCv ICCes tat. iight re" rhtL dpo contamuInIILi-an, I
and to prom-.te ease of paitiinxg and c lea ~~ kip;o ould Ilever he0
Illoulitt2d in 01 -rect contoc I with ai wall. Pla t, N,). 3.2 iaud(.cate s requ*LrodI
spocc 1g tvetween p1ipet and wlall, bet-.-:cn 'dj,-zentt pipes', art! lme Ll~ad of
skipporL, including the use. oi C.ulkinl(, cLupOn to1111 g lrt.in
Vlp'ipg sho Il he suipported at. least 12 inches boice,' the i 1a. for
of pai;l inLg and clean llug *mnd tofcL1 o top ecilCtI~ .'

passing through watl:n, f loor-s, etc., 1 . -k)5V 1 AX:1,UALK3/68__
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8. §jccial Requirements: Specific special requirements for the

various piping services will be found in the following sub-sections.
In general these requirements are for contaminated services. Non-
contaminated services, unless otherwise specified, will be in accordance
with normal practice.

B. Cold Water, Contaminated Service (CCW)

1. Purpose: Contaminated cold water (CCW) is provided for use in
the contaminated areas of the building. For specific purposes CCW nay
be used in non-contaminated areas.

2.,Application: CCW is used in laboratory sinks, glassware
washing sinks, building washdown hose bibs, biological safety cabinets,
process vessels, and all potentially contaminated areas (except as noted
in 3-02 G).

3. Requirements:

a. Source: CCW shall be sapplied through a break-tank water
system to all pilot plant facilities, process development buildings,

Z and aerobiological facilities. Standard microbiological and virological
research laboratories, animal holding facilities, chemistry, biophysics,

4; p.aology, and crop : reer. buil dings shll be supplied with COW
through an approved type of back-floe': preventcr valve. At Fort Detrick,
there is a primary break-tank system through which all water for the

An approved back-flow preventer valve should be of the type that has
two (2) spring-loaded vertical check valves and one (I) spring-loaded,diaphragm differential pressure relief valve. A guide to selection of

a suitable back-flow preventer valve is one that has been approved by
the State of California Health Department (see Plate No. 3.3).

b. Measurement! Any building that is connected to the con-
taminated sewer shall have a water meter on the main CW supply header.

_ __ C. Hot Water, Contaminated Service (011W) III
1. PuL•se: Coataminated hot water (C01) is provided for use only

J : in the contaminated areas of the building.

2. Application: CIM is used in laboratory sinks, glassware washing'
i ~sinks, biological safety cabinets, pr ,tess vessels, and all other

potentially contaminated areas (except as noted in 3-02 }1).

3. Requirements:

a. Source: CIM shalL be suppiehd to tl 'i buildii:g by ai
Sindependent hot water heater supplied by the building CCO System.

3/68,
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D. V2acum, Coutauliuated Service (CVA)

1. Pirpose: CoutamLnated vacuum service (CVA) is provided tor
use only in the contaminated area of the building.

2. Application; Contaminated vacuum outlets are used on all
laboratory bench tops and glassware washing rooms. (See 3-02 A.4 for
additional locations.)

3. Requirements:

a, Capacity: Requirements at each service out let shlill
be 5 cfm at 20 inches of mercury vacuum, unless otherwise specified.

1,, Demand Factor: A dcmand factor of 10% of the total.
connect:ed load shall be used for design.

ý. ourCe: The vacuum pump foi the CVA system shall be
locatld in the utility service area o( the building tnd shall discharge
through the contaminated vent to the incinerator system (CVI). If an
incinerator vent systern is not available, the exhaust shall be discharged
to the building air exhaust plenum beiore the filters. There shall be
a pipeline bacterial filter able to operate in a moist atmosphere on
the v:Ict1ur line immediately hefore the line enters the surge tank. A
waLer su.iled puInwi shall be used as thie vacuum source, The pump shall
opCrILiC intermittently.

jý d. D)istribution: Vacuum lines from individual stations shall

be top-connected to the main vacuum header anJ be sloped to prevent
entraind liquids from flowing back to other stations when the system
is not in operation. The system -hali be valved to peai:!t sterilization
of the vnt-:ire system prior to entering the CVI header for uiaintenmince of

the ,'vmp. There should be adequate separatiou by filters of laboratory
area from process area, and benchtop vacuum from clais iii vacu-,. Thr

Coveruiutnt shall designate the autoclaves in the bkiilding that will be
equipped to utilize ethylene oxide gas for sterilization puroo'es.

"- Aut~cla\Le•.o~tes nated,;hall be connected to tIhe CVA sst as shown

in Plate No. 3.4 and Plate No. B.I.

E. Precess Air {RA",

1. PurIjse: Process air (PRA) is provided for use in the contami-
nated areas of the buitding. A PRA system will be required in bld

such as pilot phlants and process development buildings.

2. jcicat ion: PRA is used o0ly for sVrvice in direct contact.

v, jirt. hc' L' I' '01t, c I ltaln At Oted process 0ý1t 1 v. ut or s s c; li'It

3/68
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3. Requirements:

a. Sourco, An inldependnt supply shall be provided for the
PRA system that shall be from an oil-free carbon or Teflon® ring
compressor. Dew point, temperature, pressure, and flow rate shall
depend upon the specific application.

b. Distribution: Prior to entering the vessel or ocher
4equipment where the air wilt come in direct contact with the agent,

the air line shall be equipped with a bacterial filter and adequate
valving to permit steam sterilization of the filter and the pipe
downstream of the filter. The main aic header shall be equipped with
a bacterial filter downstream of the system pressure regulator with a
sthut-off valve between the filtcr and the pressure regulator to permit I
steam sterilization of the entire system..

V' . Dr Process• Air PM)

* 1. Dry process air shall be supplied by passing process air (PRA)
through a drier. For application, see 3-02 E.2.

2. The temperature, dw poiat, and flow rate shall be determined
by te spectftc applica-ý'tin.k

3. For drier details, seo 3-02 K.3.

G h. Cold Water. Nýon-Contaminiated Service (NCW ',

1. Pi, os" Non-contamiuated cold water (NC.W) is provid-ed for ise o

"in the non-contaminated areas of the bui•lding except ýs noted helow. A

2. .ASpication. NCW is used for lavatories, water closets, change
rooms, shwers, safety showers, and fire sprinklers in the non-
contaminated and contaminated areas of the butilding. This service is i
not used ior drinking water (see 3.02 1').

3, Requirements:

a. Source The supply for this system shall ie taken off
J .Ol. the main heade.r prior to the break-tank or back-flM%' preventer used [ otp the CCW service. See I'late No. 3.5.

b. Measurement:. Each building shall have a water meter on
the main non-contaminated water supply.

11. Lot" ataerQ Nola-Ch.o tated soervice (Nl&4).

1. P•.vLI>e. N.n: ,-eontamintcod hot W,;Ltv- (N.N) is provided ior us;e

In the non-conta;minated areas of the buildilg except as noted below.

3/68
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2. ,jljxti NILW i I I tn Ud tor l.avat.ortec anud WhOW4na in the non"-
comtmttmt'uaL e d and contamLuaUed ar'vas of thu bu l•Ul•i.

i. Soor'co" N1tW shall he suppletd by a separt.L' hot water
heatet supplted by the bufLdLng NCW system. Thv Lap lor the Supply
sysutem shtal h e We[br the NCW waLz.t •,act.

I. Dtr itbut iou: Thu hot •aIter a4yaiLum ahall be a cIosed-loop
SloLced r,.'cLLculalng Lype.

I. Vicum . - Service OVA)

I1. PuL.rp•os..: Non-contaminated vacuum service (NVA) isa provided
for use only ti tbi non-contamiuaLud atra of thi butIditg.

2. ApOIc.lt io No-conot utd uUad vacutum sh•ll he provyided for
benchtop us.e and in gam rIvt.-ilLzvorm in non-contt ninatod laboratorieos.

3. Reqjutementu:

20 inches of murcury v:euiuin unltess oL1erwiuo spectitetd.

b. Pjqnd !"acbor: A dematnd ifctor of 107. o(t. total connected
load t1hal I be uied for dhzilgu.

C. .itrhittoi.n: Vacumi linets from individual stations sha ll

lb, i op-ronnrcttd to the main vacumiIL ha'adcr and Sloped to p .venit

euentral wed liquids from flowing hack to th," sat ions when thl system 11a
.o in operat ion. lHea~ders whenever possi ble shall he aloped coward Ihe
Pouitco. If thWe requiremvn for NVA is l ii,.ted that secpaIr'It.e service

'. .l ..... b. . .....a ,. .tL the e,•. er- l VA mv mi oihould be madei.
mnd the NVA isolated with a pipe ,line bacterial filterI. l)sclirgte of
air in thLs instance hall be an outlined above in j-02 D.3.c.

J. Compressed Air (C:A)

1. JtL.ol.: Tho cormpreassed "ir system (CA) provides gunornl cumi-
pres aed air servicoa for both thv contaminated and non-crmant.mhMitt.ev' arens
of thte buildin8 .

2. An2.1aJ Compressed air outmale" o•re tL usrd olw lWbwiratory

3benches,1 in ve .ny ilatead 'abinLsta and in ,lHatrwo't, w;ashiu|, r'oom. (Seuý
3-01 A.4 f'or" addtonal Ic'tio3s.)
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ti._______ Tho coimproasted air (CA) shlla he stipplied by
an oiLlfrce carbon or Tu'tloiA ring tyllo compressor. The cocipreosou
will. ope-rato intormii~trntly to give 60 to 70 psig in the recotmar,
which will lie reduced by a pressure reducing valve tin them lIne a~ttr
Elie reeeiver t-o nmaint~aiia 40 plsg At. t~he most remote statiio.

1,.i C)a aL-,L Requirements art, 5 c f-m at. 40 lisig at every
Estation. A demiand factor of 107. of total Colnnected load will be umsed
in general for design purpusas. Spacing factors will lie fleitgflated by
the Governmient.

K. ! iXCo2essul Lr UCA)

1. Ptirpose: The dry compressed air systent (WGA) providos asrvico
for tEli contaminated and rion-coittamlutaLed akreatk of the building.

2. AipliaJol I)CA is supplied primiarily tor x~ts- tit upocial
Claus ill. biologi.cal. safety cabinet systems whoro hutmidity .onftrol in
required (see Plate No. 6.1).

CA ~ ~ C Shall~c~ lita e mippli ed by pass8inig atr i romn tile,

fu 1. y ntviivtL i( react ivitt lug type with t emeperatki-e liuiLtat-i on piroteti(tjon.

b. ____ "t11( Prssre -- onmdrtesil edtr

mined~( by tile tpi)fiUr applivation.

I., Mazsb Ail: (II)

11iCat hirig itir for ventlI ~ated ~utwk miad heuad hoods tl iekd ill 01%) conl amut.
Ilated areati of the building.

2. Appliat-ton, A mtinimum (if t breo (3) tli oti,-let~s ashall be pI'o-
vi dad iii evory roomn lims lugp vent I lat ed animiial cages, ac rosol t~ankli or

camlietca, aiid partieuUIarly har attdoks apparatus ptich as uspmay drierg,
large~ lyopliLliz.eis, e~t~ractiomm.I t:okli.mns1, large filtli tioln apavahbms,
c nt itri fges, mnfxe'rs igent17 itt1 lug achitnela, midl 811 itther qIpmet
do st imat ed by the Govermnm~eat. . AL ]%m-tst ono (1) room tit vitvh mitanlm
buitlding shall be. equilipt-L wi th a uitimimmtumi (if three, (1) okit let a

3. Ileguruciiimtita:

it. Fommrc e : h 'flttA halmIIlihe provl doed by a syht emcoma b en I.t Luj
o I t wo (2) o 11 - i r t caitrblon o r Tetll oift r Ing t N.1,' V Vm US k 11' 1 I I it~ balm 1
lie cooleld aind fl'ev 01 Vat r vc Iouden 0ion . The voeoive cý sliall Ile a i -o

3/68~
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wfth stifficietin reserve capacity to handle one-half of the fiystem OUt--
letti for a period of five iwtiuLntc. lit Cases Where an Vxisting wateor
sealed compressor is uised as the source. for 14A, it poSitive means of
renmovtn) chlorine from the MA slaill. be pruvided. This (,at- be ziccompl~ihed
by weans ot a silica gel alv drier in the air stream or it carbon filter
ini the seal. Water line.

b. £apacity: The Government will furniult the air distribution
sy8tem pressure, temperatureŽ, f low rate, dew point: rind demand factor
required.

the ni d. h ladr.s I.,w branchslie salalm shlb e provided loclly.t-of

1.~v at the header instrainenir befrethemaiod (aA id rvip leg, and
qin k ophteng coan cockst .aEli manif~old shiall conasit of k-hr c hulialf

2.plng wede to te uianfdl for ti oxwerati ree of c p ceum tical .

fol aontod istrlucmendts. Ith 5ay also ho luib d ofhosea theoereario ofilei
pn teumanic ctuators, sucels mair byidee provd i vided ahr aroeat oilers~

3. ae fo'wr extenddprod ftm. oerel hl ietep

emegeay ltch feaurce I tlol brev ýiccte o[ dirt.iA retvoliy coiprher
hore thie- e stol thn uoprHused sai l beitO (CA)il 1hll by -5/8vinch t .1
saninnl bravid edi theer"bo .vn loof ty-a Lre ownot, forminI s ystem.i-

pers. onnlodit shll be provided in, clhee i-cquire, a1ir locs ho r~

d . Alatrms' Ao primaure alrmsur alill btoprovid ed plovallyd

anbthr the rconaivr.ae n o-otajavlfieao

3. Regutei3.18s
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* N. Propane Gas jJ121j

1. Thrrose: Thle_ propavie g;sys-tem C it;)prciUhouVESUtga
to the cont~auinated and non-conutrniw-ited treas o1 the buildin~g.

2. l Aplcation: iG i, suppited for laboratrn echtpglswr
washiling tables,' Class I biological safetty cztbine~ts~, and Class Ill biolo$i-
c ai vafety cabinets. Thle use of PCG in Class 111, biological ,,mtoty
gab--I'ners shall re~quire the approval of the Fire Makrshal and the D~irector,

tinduatrial Health and SafeLy Directornte4. Wherever possible, the ulse o01A
a port.abl)e gas canister suipply, alcohol lamps) or e lect~ric. heaters is
preferredJ to the use Of thle PC Bystem1 inllsa CII~iS '1Systems.. ThO lr,
system shlall meet ASA requireer-UtMs as o.utlinled in tire 7-21 vteries. Wherof economically feasible., natuiral gas should be usedI instead of Propane
because it is lighter thani air and Ihertsi-ore s;afzrý to use.

4 ~~~3. Rqi~mn

a. Source: Ir, shall be suipplied by a fstorage,( tanik system

Llocated oin a LJoncrete pad outsid(e the building. Thle constructioni
~3 contractor shall not be required to furnish Lthe propane storage tanksf

or the, valvinw. around the t-anks. The tanks will beL Supplied by' thle

Covernuwent and instal led and plqped by the compantiy sýupplyings tile gas.

IN. D-Ikinand Factor: A dlemandLI foe totK o1 101) of viA-l C ('1111!VC tcl

I load shall be us:!ed for desigit plityposes.

c. Distribution: Tite const unction centtrac tar 11tll. be r-cju ired
Ito run the main IV, header thrcough the wall o. Lthe butild-ing to ;, point-

adjacent to the storage tank. A1 so parlet IVlXtn 01hut-CaLf ',ItIza y SidiaII b
provided onl the main suipply linie itumediately afteCr theý linie enters tire

butldtng. Thle valve will be tagged in accordanIce With 3-01 D., 2.

system, the supply line shall be eqt I p1'd withI an automiat* U or spr-tug -

'I loaded "dead-man" slhut-off valve.

0. Steami (100-s. 60-S. 10-s)

I 4 1. Pu cpose: The steami uystem provi des steam for tile cruntamitnated
(' and nion-conta~miated arena of Lthe buildling.

2. & ytpi:S team is air pp lied ltr use in1 suCh1 equipmentC as- cagýe
washers, glassware. Washers, heat tug coils, heat exchanmgers, and
steri 1 hers and for use in the but 11 ing hekatingl andc vent i. ia tugiq syr-t tii.

3. iqititrt

a. Source: The suipply to Ihv Irmbildh(ig i~It II frow[11 thle

central steaml plantI at. 100 pnilg.

4/70 31
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b. Di~stribution: The building iiaii steam heac~er st~al1 be. 100
ps i j Redtictioxi t~o 60 or 10 psig on the branch lines shall dupend upon
the applLcation. Steam traps shall, be provided at low points in the steam
dipstributcion vsycem and branch ritnouits and shall discharge to the conden-
sate return line (NHC or NLC), Steam filters or strainers thall be
installed~ prior to steam pressitro reducing valves, temperature control
valves;, and steam seals and prior to the globe valve cn lines used for

the dceconcamination or steriliz~ation of procesu equipment or piping.

Steam lines that t'e into the Jacket side of process equip-I
ment Nhall go through a steam trap to a flash tank, which shall vent to

the atmosphere and discharge to a contaminated sewer line. If it becomes
neleF.sary to use the designations Contaminated Hi1gh Pressure Condensate or

Contanitnated Low Yressure Condensate (CHC or CLOC), such as the drain from
steata seals, these fiervices shall drain to the contaminated sever system,

P, Drinking W'ater (DW)

1. Puroose: Drinking water (TM) is supplied for use in the contaML-

Dated and non-contaminated areas of the building.

2. Application: The DW system shall supply only drinking fountains-

3. Requirements:

a. Source: 11W will lie supplied by an independent system tappud
off- the miain NCW header entering th(e building prior to any other tap oil
this line.

b. Di stribut ion: The. DW system shiall bie copper tubing fcom the

system tap to the drinking fountains.

VQ. Dist~lled Water i1T11

1. Lurp~ose: Djistilled water (DIW) shall be provided for uae in1 th~e

contaminated and non-contaminated areas of thc building.

2. Application: DIW may he supplied to laboratory sinks, glassware
w.ashing areas, and mnedia p'reparation areas. Triple -distil.led water is not
considered a building service and will bie produced by and -'tcred in glasa
equipment where the re-quirements exista.

a. Source: D1W shall btl provided by a single, distilling systuti
tsupoplied by the NCW systemn. The s~till shall be fuilly aiuLon~iaLic,sta
heated, and equipped with a storage tank to hold 16 timejs hoUrly rate of
tOw 1"till.

b. ocation. It Possible, the 1)1W syrstecm shall be located to
provide gravity flOw throughout the building.

3/68 ___________________________________ ___

3.20



For.", DETRICK PIPING
DESIL'A CRITERIA 3-02 q

c. Limitations: In ,io case shall the building service steam

condersate be utilized for distilled water.

R. Dehiouized Water (DNw)

1. L~ajose: Deionized water (DMW) may be provided as a Bervice to the
cvniiTinatcd and non-contaminated areas of the building. The necessity of
tupplying DM14 as a building service will be determined by the Government.

2. Auljjcation: DMW may be supplied to process equipment, laboratory
sinks, and media preparation areas.

3. Requirements: The size, type, and location of the deionizer shall
depend upon the specific application and shall be supplied by the NCW
system.

""c. Peontaminafkt (T)_

1. ?urpose: Decontaminant (T) may be supplied as a service to the
contaminated Ereas of the building.

A-. b _itcation: Piped decontaminant systems are usually limited to
use in process areas. For a general discussion of decontamination
methodu, see Appendix B.

"T. Nitr oen (N)

A. Aingle nit-rogen &ystem may be provided to serve both
contaiin-,%; d and non,.contaminated laboratory areas.

2. "..iication: Nitrogen is supplied primarily for use in special
Class III Lieoglocai safety cabinet systems where control of the composi-
tion of t-e c.vtnnment is roquired (see Plate No. 6.1) and in process
operutLions v-:rt a,,. drying and milling.

3. 1(Wq!ic.ts: The nitrogen system shall be designed to XithstaUd
a pvrmarx p, svure of 150 psig. All valving on the primary side shall be
weldee .', soi ed and back-brazed up to but not includixig the primary side
of tV:e pressure rc:ulator. Secondary pressure regulators shall be either
pilot or diapbragi, tperated piston type especially suited for this service.

3-03 PROCESS Vl1ING

A. Genera

I . Pu/d,.j•: Process piping is used for the transfer of agent material
and media botween process or Class lII equipment.

2.. Application: The use of process piplig, is generally limited Lo
process areas and is not found in laboratories.
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a. Material: Product and sluzry lines aroeconstrlcteld Of txL'al.-
less stcel tubing. Valving shall be stain*less s:elbody diaphragmii
valves with high temperature diaphragmis.

bi. Distribution: Process piping shiall b~e instktllked for dccon-
tamination .~ith 40 psig steaniwith steam inlets normally at high po1ilits
in tile line and drain at all low points to provide for complete sLerili-
zation and drainage. All horizontal runs shall slope iin the direct ion
of flow at least k inch per foot. Pocketing shall not be permitted. All
process piping shall be gascight by the halogen leak test (see 4-18,

B. Steam Sel

1. All valves that are under a static head of liquid agent such as
process or storage vossels shall be thu stvami washed type of diaphragil
valve. On other lines connected to the tank, where isolation from another
part of the system is desired, either a steami washed valve or a steata
seal shall be used. The steam seal shall consist of two (2) diaphraglm

4shikt-off valves in the line. with thte space betweeni the- valves having s.te au
supplied at the high point and containtng a condensate drain at the- low
point (set Plate No. 3.6). In operation, the shut-off ValIve'S Ire Cio~ied.
the steamn is *apencd 1LIde, ancl the condeis~ate (rl~au is :3l!.ý;L.ly opoiicd ol
"cracked" co- iffe~ct a steam block between the two shuit-oti valvc-s. The
st ernn, c:',,idensate, and aiir resulting from Lthe bteam secal shkall be dirtected
t-, tie. c-..'otam~natad waste system.

2. On fsteai'. &ieals used to protect or niainitain produict integrity, the
vaiv~ng for the -,teani to the seal shall consistL of it rever-e, globe valve
so that Steam proosure is on the vilve stem packing, folltowed 1 y a dia-
phragmi valve (set.. Vlate No. 3.6). lthe drain valve shall also 1), a1
diaphragm valve.

3.te Steami buals used for safety purp')ses, such as those on contami-
ntdwaste linea where product integprity is not considered, shall he

Supplied steamt by a globe valve that ir, installed in reversed p~osition
to normnal flow to place steam pressure on the valve packing atý all
times. A diaphrs.gum valve will not be. required on the steams line. -The
condansare valve shall be the diaphragmt type..

3-04 1WAS'LE PIPING

A. General

1. Three major categories of liquid wastels are handled onl t he site,
$ :rsW.1gL!, ban m.tztry sttwaie, aumd etA U~Lna lt Vd SkeWage . Tm .ormSwu(

is used for the conventional rainwater run-otf. '1he salnitary SeWag-e

normailly handles sanitary sewage from imon-conuam~inated Areas ol the bol 1ld-
ing and is treated in a conivent~ional Sewage treatment plant. Thuw coxitammi.-
liated sewage is coullectcd from thec various dr-ai.na inm Ltm contamuintated
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areas of the buILldlg and is treated in a central sterilization plant ¶ I
prior to discharge to the conventional sanitary Suwage system,

2. SenaSe from a non -con tamiuat.Ld area miy bie. discharged into a
contaminated sewage line on 'he sole basts of engineering considera-
tiois of convenience and cost.

3. Toilets, lavatories, floor drainls, shower drains, etc., in con-
taminated change rooms may normally drain to the sanitary sewage system.
However, in some specific high risk areab such as pilot planrts, etc.,
floor drains may be required to go to the (contaminatcd sewage system. In
the latter case, specific decisions will be made by the Government.

4. Drains from air conditioning units, overflow on distilled water
stills, compressor cooling water, etc., shall discharge to the sanitary
or storm sewer whenever possible.

5. Laboratory rooms that 4re intended to be convertible from non-
contaminated to contaminates (1-03 L, ARCHITECTURAL) shall drain to tLhe
contaminated sewer.

6. Sump pumps in non-contamtnated hreaa should discharge to the.
sanitary sewer if available, otherwise to the contaminated sewer (never
to the storm sewer). Sump pumps in blowease rooms and other contaminated
"areas should discharge to the contaminated sewur,

B. Application

1. SpecialEquipment: There shall be drains from the following
special equipment: Class I biological safety cabine'ts, Class III
bidlogical saiety cabinets, chemical fume hoods, cage service cabinets,
and others as required.

2. banifolding: Biological safety cabinets that are joined togethicr
and are not separated by air locks or doors may have a common manifolded
drain system with a single drain valve and trap on the manifold. Indi-
vidually segregated sections of a cabinet array shall contain separate
drains, valves, and traps.

3. Radiological Laboratories: Drains from sinks, radiological fume
hoods and any other equipment in rooms that handle radioactive isotopes
shall be disconnected from the waste drain system to prevent any discharge
of waste, except for sterilizers, which shalt discharge to the contaminated
waste system. Liquid wastes produced in these rooms shall be collected in
containers for disposal in accordance with the ForL Detrick Radiologtcal
Safety Manual, Dec 63. Approval for any open drains in suchk rouom t must
be giveo' by the Chief, Industrial Heieithi and Safety Office.

4. Nalj- Re[ri'erators and Incubators: All walk-in refrigerators
and walk-in incubators shall be provided with one (1) floor drain located
as ncar to the back as possibl].e.
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5 Rooms and Corr " All rooms and cor-idors iICIkding attie

and hasezmeitt, shall be provi..led with ee or more floor drains located a,-
near the center of the room as pos.sible. lhte, drain!- :,halIt be arranged
so that they nmly be used a,,s drains or, if so deshitl, a ,crew-type plug
may be inserted, theteby se'liog the drain.

6. Non-Contnminated Office.: Iqon-cou amtnnaLed offices amd corridorz,,

shall in general not be provided with floor drains uniless thece: is a

possibility of future conversion to laboratory use (see 3-04 A.5).
Where drains are installed in these rooms, they shall be plu)ged

7. Plenum Chambers

a, Air lSupply, penum- A metal pan umty be substituLted for the
concrete floor of the air supply plenumI after the entry louvers a(c the
preheat coils. The plenum shall be equipped with a drain. This drain

j • and the cooling coil drain shall te discharged to the storm water drain
or carried outside the building and discharged.

b. Air Exhaust Plenum: A metal pxan may be substituted for ihe
concrete floor of the exhaust plenum, between the main air exhaust c.-ct
connection and the deep hb-d filters. The plenum shall be equipped with a
drain, trap, and diaphragm valve. The trilp shall be deep c...u.h to prent-*,
negative pressure of the plenum from pulling the t rap. The drain lirne
shall be connected to the -'ont.am nated ::'w,,age syN;stm and sh:rtI h]-.vt-e tho.
diaphragm valve installed in tlhe horizontal section of the line after the

S~trap.

_8. Equipment Rooms: In equtpment rooms, glasswalre w-slug roo::s, and
cage washing rooms, additional floor drains -,hal le ilnsta-lled as necessary
to service all drain lines, blow-down systems, overflows, etc., that ý,Ie
an integral part of the piping for such equipment. These (drains shall le
in add ition to the geFcral floor drainS in cqui•tiwutaoo.aS .

9. Air Locks: Air locks shall have no floor drains; however, the
floor shall slope toward the more coutaminated room ol" corridor" fot"
drainage purposes.

C. Separation oG[ Drains

-. ; 1. Closed and Open .quimLnt: Drains from each piece of cloed equip-
imeut such as Class Ill biological safety cabinet's shazll drhiin directly to

the main contaminated waste header outside the butilding through a sep01rt,
header intended only for this purpozse. They shall not tie in-to drain
lines from open equipment, such as siks and floor drains.

2. Between Floors: Cross connectionu of cout asii nated plun- iug linesj
Sbetwecit ttic, upper, first, or l'.:;'s,,t flo.)I' : hýI ll uot Ic 1l Iwr,.'

. Drains on each floor of a containatec, building, shall b1 i"'nito01cled

together. The resultant drain headers shall drain (sepacat cly) to tlkc
S'contamin.,ted sewer line, outside the buildIng.
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D. Vloor Drain Details

I. S : Floor drains shall be 4 inches in diameter.

2. lype of Drain: Floor drains, in general, shall be non-clog
bucket-type drains (Josam 300-35C series or approved equal) and be
equipped with 10-inch catch pan and adjustable strainer height.

3. Automatic Trap Priming: Automatic trap priming shall be
provided to all floor drains to insure that they will remain sealed.

4. Threaded Plugs: Floor drains shall be supplied with screw type
plugs which may be inserted if the drain is not required.

5. Animal Rooms: Floor drains in animal rooms shall be non-clog
* bucket-type drains (Josam 3740 series or approved equal) and be

Sequipped with 10-inch catch pan and adjustable strainer height. i

6. Trenches: Floor trenches shall not be used in such a way as
to permit open flow of contaminated liquid waste..

PE. rai-nn Line n)etatls

a 1. Guide Specification: See Appendix C, services CCD, NCD, CV,and NCV.

2. Buried Lines

a. Minimum Size: All drain lines beneath floor slabs on
grade shall be not less than 4 inches in diameter.

b. Covering,: For protection and identification purposes, all
underground contaminated sewage lines, except lines under buildings,
shall be placed in a trench and covered all around with a ixinicu•m of
6 inches of concrete measured from the surface of the pipe.

c. Type of Pipe: Buried drain lines shall be extra heavy
cast iron soil pipe, bell and spigot joint, and lead sealed.

* 3. Lines from Closed Equipment: All drains from equipment closed
to the room such as biological safety cabinets, Class III, shall be
Schedule 40, welded, wrought iron pipe.

"4. Lines from Open Equipment:" All drains from sinks, sterilizers,
and chemical fume hovds open to the room (except floor drainis) shall
be screwed fittings to a point imnediately after the trap; thereafter,
the lines shall be Schedule 40 welded wrought iron pipe.
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5. Floor Drain Lines: Floor drain traps and drain lines shall
be Schedule 40, welded, wrought iron pipe whex, exposed.

6. Vent Llnes to Drains: All vent lines fromn ,;inks, sterilizers,
floor drains, etc., shall be Schedule 40, welded, wrought iron pipe.

F. Vents

I. General: The infectious hazard associated with various con-
taminated waste lines varies widely, depending upon the source of the
waste, its previous treatment, and the amount handled. Repeated testing
has established that the majority of contaminated waste lines may be
safely vented directly to the atmosphere without filtration. Vents
from waste lines carrying highly toxic or infectious materials such
as from fermenbors and waste collection treatment tanks must be routed

71.• to incinerators. Where questions of vent routing arise, the final
decision will be made by the Government.

_• 2. Cross Connections: There shall be no cross connection of vent

a lines from different floors. Each floor shall be vented separately.
Vents from the same floor shall be tied together in the attic, then
run throiiph the roof as as sngle venc•, wt-h C"lt1,.r adapter, shut-off
valves, and steam connection to the pipe line filter.

3. special Tests: Upon completion of all vent piping systems,
a separate smoke test shall be made of both contaminated and non-

* contaminated vent systems to insure against cross cunnections in
- these systems. This test shall be per[ormed by the contractor in the

presence of the contracting officer or his representative.

4. Contaminated Vent to Incinerator

a. Applications: See 2-08 A, IIV&AC.

b. PipQ: Pipe shall be carbon steel conforming to ASTh
A-53. Pipe shall be Schedule 40 for sizes six (6) inches and below;
Schedule 20 for sizes eight (8) inches to twelve (12) inches inclusive;
and Schedule 10 for sizes fourteen (14) inches and larger.

c. littings: Unless otherwise indicated, fittings -shall be
butt-welded type. Elbows shall be long radius type with minirnunt 1'k
radius bend. Standard weld reducers shall be used for pipe sizes lip
through six (6) inches. The included angle of reduction between
oppo)site walls of the notched pipe shall not exceed 30 degrees. Ells
eight (8) inches and larger may he five-piece miter with minimum 11,
radius bend.

bdtn d, Valves: Valves shall be diaphragm type with cast steel

C body and high temperature diaphragm.

3 
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e. Pranch Connections: All connectvions of branches to mains
shall be made at a 45-degree angle for streamline flow. Conwtctions of
risers into the main shall be made by looping the branch into the top
of the m,.ain.

f. Spals Aronud Penetrations: For seals around pipes passing
through walls and floors see 1-05 E, ARCHITEC"...AL.

g. Pe ne Filters: Pipe line filters shallI be required
in all contaminated vent line headers between last connection and
atmosphere, except those from Class III safety cabinets where the
individual cabinet or cabinet system is provided with an individual
JIEPA exhaust filter (see 2-06 D.6, I1V&AC). Pipe line filters shall
be high-efficiency type (see 2-09 C). (See Plate No. 3.4.)

G. Valves

Diaphragm valves shall be used ini contaminated drain- and vent
lines. Installation of diaphragm valves shall be as in 3-02 A.2.b.
In cases where a heavy load ot solids may be expected, such as in
animal rooms, the straight-through type of diaphragm valve may be
used.

C 11. Sterilizers

I. Equi2pmnt: See 4-06 EQUIPME.1fl, for details on sterilizers.

2. Drainaqes: Waste lines from sterilizers shall discharge into a

contarninated sewage line, which shall be a branch line from a main
serving other simila." drains. Screwed connections shall be used up
to and including the union after the steam trap. After the union, the

lines shall be welded. (See Plate No. 3.4 for schematic of waste
pi ping. )

3. jtin: All sterilizers (including rupture discs and safety
valves) directly connected to equipment such as biological safety
cabinets, aerosol chambers, etc. must be vented in a manner identical
to the equipment to which they are connected as far as filtration and
incineration arc concetned, except that the sterilizer exhaust will

i not be filtered before tying into the manifold or main vent header.
The vent line for the sterilizer drain shall be tied into the drain
line before the trap (see Plate No. 3.4). The drain line. after the
trap can be vented through a regular plumbing vent. Vents on steri-
lizers shall be of sufficient size so that upon exhaust, the trap
in the drain line will n1ot be blown.

a. Sterilizers Attached to Class 11 Safety Cabiniets:
Biological safety cabinet, Class III, sterilizer vents and safety
valve dischlarge shall discharge by separate lines to the main CVI

"" header, which in turn discharges to a central itcinerator. Vent lines
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shall bo properly sloped for drainage.' These lines shalL not tie into,
the exbau3t line from the biological safety cabinet. If o. building does
not have a vent system connectiug to a ceittral incinerator, the vent
from the sterilizer %hall tie into the exhaust from the biological safety
cabinets in the building attic between the cabinet outlet bacterial
filter and the electric air sterilizer (see Plate No. 3.4).

b. Other Sterilizers: The vent from other sterilizers in
contaminated areas not connected to Class III safety cabinets and not
free standing, i.e., those connecting two roo ýs or those connected to
Class i safety cabinets, shall be carried individually to the attic
where they shall top-connect to a manifold or uain vent header. This
manifold shall exhaust iato the building exhaust fil.ter chamber after
the pre-filters, if any, and ahead of the deep bed filters (see Plate
No. 3.4). The mantfold shall he sized so that its pressure vill, not
differ appreciably from that in the building ;xhaust filter chamber,
. and shaI1 be equipped with a trap to keep moisture out of the building

exhaust system. Vents .rom free standing sterilizers shalL discharge
directly to the atmosphere through the roof. "1

I. Waste Collection Treatment Units .

1. General Criteria

All liquid waste leaving an infectious disease laboratory or
process building must be sterilize(d by the Post Sewage Sterilization
Plant. In addition, when large amounts of infectious material as from-

large fermentors, holding tanks, and aerosol chambers are to be disposed J
of, a waste collection treatment unit shall be interposed so as to
"pasteurize" (reduce the number of viable organisms) or to sterilize

the waste before discharge to the Post Sewage Sterilization system.

A local waste collection treatment system is not needed in a
building in which the largest unit container is five (5) gallons. in
these buildings waste can be discharged directly to the Post Sewage
Sterilization system.

Determination for the requirement of a separate waste collec-
tion treatment unit shall be made by the Government prior to the pre-
liminary design phase. The contaminated sewage system includes a special
central sterilization plant to rcnder agent material sterile prior to
discharge into the conventional sanitary sewage plant.

When treatment of liquid effluents is required, a waste collec-
tion treatment unit shall be designed in accordance with either 2.a,
2.b, or 2.c below. The type of treatment unit shall be specified by
the Covernment.

aLI.eWhen pasteurization is allowed, waste collect-ion treatment units
-•sh.--lie designed for continuous operation at 2000 F with a retention time
of at least one minute; however, provision shall be made for future use

of units for batch sterilization.
3/68 __
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2. M•ehod of Operation

a. Patch Sterilization Ty•pe: Plt!te 3.7 is a diagram of a batch
sterilization instalLation. Operation is manual (otr controls, see 6-02 C,
INSTRU•ENTATYON). Liquid wa-5st:e is heated by injection oF live steam at
40 psig and held at temperature (287 F) for a given period. The spargers
shall be constructed of corrosion-resistant mLterial zapable of withstand-
ing steam and decontaminants (see Appendix B). The vessel may then he
cooled by a water spray before release of pressure and discharge of
treated waste to the contaminated sewer line. The use of the cooling
spray is optional.

b. Pasteurization Type: Plate 3.8 is a diagram of a concinuovo,
high-temperaLuLe paz.teurization installation. Operation is automatic
(for controls, see 6-02 C, INSTRUMENTATiON). Waste is maintained at 200 F
by injection of live steam. The waste discharges continuously, by
gravity, through a retention tube imnersed in the bulk .iouid. The tube
is provided to avoid the danger of short circuiting, and is designed for
a Linimum residence timei of I minute.

q. -inuoun-Flow. ni 112a---hn_e Steriizaton Sstei. F____

3.9 is a schematic sketch of a continuous-flow, heat-exchanger sewage
sterilization system. This system is preferred for sterilizing large
volumes of liquids, s fiouj several laboratory Lu.ld.n... owever, theC- "heat-exchanger sterilization system is flexible and, bocause thts system
has a number of distinct advantages over the tank sterilizatiuo systems,

it may be the system of choice even when volume flows are quite swall,
The procurement and installation, costs of the heat-exchanger systemi are
relatively high, but operating costs are very low. The heat-exchanger
"system is ideally suited to short-term hcat treatment of r liquid. The
contaminated, low-temperature sewage picks up heat irom the high-
temperature sterile sewage so that only relatively small amounts of heat
need be added to bring the system to operating temperatures. The sterile
sewage is cooled to a point where it can be readily discharged from the
system. Liquid•s from the laboratory areas are drairned by gravity into a
holding tank. A coimninutor may be placed in the drain line lcfo-o the
line empties into the holding tank or tanks. Steam will be added
through the steam injector to preheat tht system. When full operat-ing
temperatures have been reached, sewage flow will be started (at a low
flow rate to prevent steam collapse in the shell) through the system by

* operating the circulating pump. A second pump located after the retention
tubes but before the second pass through the heat exchangers is essential.
This second pump raises the pressure of the treated sewage so that if there
is a leak between the tube and shell side of the heat exchanger it will be
sterile sewage into contaminated sewage, not contaminated ,,ewage into
treated sewage. A rubber diaphragm cypl of sampling adapter should be
placed on the discharge line and samples taken at inlervals to check on
the sterility of the treated sew'ge.
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The temperatures desired throughout the system as well as the
retention time and per cent of heat recovery can be varied by the design
and materials of the system.

3 . Capkacit-y

a. Batch Sterilization Type: The vessel shall be of sufficient
volume to hold the liquid waste from all the connected equipment for a
twelve (12) hour period. One basis for sizing of minimum capacity is:
total-working capacity of all chambers and safety cabinets plus 25% of
this capacity to take care of condensed steam and other waste.

b. Pasteurization and Heat Exchanger TypeL: The capacity of
the holding vessel can be the same as above for batch operation except
the time period should be eight (8) hours.

c. Two Holding Vessels: When an individual building treatment
system is of the batch type, two (2) holding vessels shall be used.

4. Design Crlteria

a. General: A primary and most important component of waste
collection treatment units is the location and consistency ot valves
and equipment so as to facilitate operat 4ion, mointenance, and safety.
In the primary design of the system, important items of maintenance and
safety should be considered to keep downtime at a minimum, with performance
and safety at a maximum. Easy access to replacement parts such as valves,

* diaphragms, and long probes is essential.

b. Location: Waste collection treatment units shall be located:1 in rooms separated from the operating equipment that they service (see
aloo 1-01 C.3, ARCHITECTURAL).

c. Water-Tight Pit: Nqaste collection trLeatmeet units shall b_
installed in a water-tight concrete pit larte enough to hold the contents
oZ the blowcase if the pit drains are hlocked in conjunction with rupture
of the blowcase.

d. Anchors: Waste collection and treatment tanks shall be
- I securely an':hored to prevent floating in the event that pit drains become

.locked and the pit fills with water.

e. Treatment Tank: Treatment tank shall be designed for
operating pressure and full vacuum and meet the requirements of the
lethal vessel section of the ASME unfired pressure vessel code.

I.

f. Re,_ntion Tube: RLetntion tubes bhould be located inside K
the waste collection treatment unit and shall be constructed of
corrosion retsistant material capable of withstanding steam and
decontaminants (see Appendix B).
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g. Sealing and Leak Testing: Where possible, all joints shall
be of welded construction. Where it is necessary to use flange and
gasket joints such as on pumps, ejectors, and heat exchangers, a halogen
leak test (see 4-18, EQUIPMENT) of the waste collection treatment system
shall indicate no leakage at maximum operating pressures. If the system
is insulated, access shall be provided to all valves and flanges to permit
future halogen leak testing.

h. Wall Finish: The interior surfaces of rooms in which waste
collection treatment units are located shall be resistant to high humidity,
high temperature, Lid decontamtnating agents. See Section 1-05 B,
ARCHITECTURAL for details on wall finishes.

i. Ventilation: Waste collection treatment unit rooms shall
be ventilated. See 2-05 E, IIV&AC for details.

vi sj. External Controls: When specifted by the Government, pro-
vision shall be made for operating control system external to the waste
collection treatment unit enclosure or room.

5. Venting (CVI)

C a. Vent lines from waste collection trea'.wenc units shall
discharge into a separator or condenser that discharges through a vent
header into an injinerator.

b. See 3-04 F.4 for details on CVI vent system.

6. Drainage

a. Inlet Lines

1) Lines to waste coliection treatmauL;s ULtS s-•hal I-

Schedule 40, welded wrought iron lines. Diaphragm valves (see 3-04 G)
shall be used in such lines,

(2) The waste collection system should be designed to
operate by gravity flow to the collection tank by sloping the pipe a

minimum of k inch per foot in the direction of flow.

(3) Highly contaminated, all welded lines running to
waste collection treatment units shall be suitably marked for easy
identification. All lines shall be marked according to color code
(see 3-07) with paints or markings resistant to all decontaminants.

b. Drain Lines

(I) Drain lines from waste collection treatment units
shall have a diaphragm valve (see 3-04 C) and shall not be. connected
to any oti'er lines inside the building except lines from other waste
collection treatmenc units.

3/681
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(2) Drain lines from waste collection treatment units

shall discharge directly to r-ain contaidnated drain line headers outside
the buildi,.g.

c. Room Drain: Waste collection txestment unit rooms shall
have natural drainage to the contaminated sewer system; othenrise they
shall drain to an open sump with both a sump pump and steam jet ejector
for discharge to the contaminated sewer system.

7. Controls

For information on the instrumentation and controls for waste

collection treatment units, see 6-02 C, INSTRUMENTATION.

3-05 FIRE SPRINKLERS

A. Criteria for Use

I. New Buildings: Although thia manual pxescribes minimum use of
wood and other combustible materials of construction, it. does not call
for fireproof construction (see 1-04 D, ARCHITECTURAL). Therefore a
"water sprinkler system is to be Installed in art new butldiiig.'I, su-bjý.ct
to approval by the Government.

2. Conversions: In altering contaminated laboratories, sprinkler
systems shall be provided where none exist.

B. Technical Features

1. Fire protection sprinkler systems shall be designed in accordance
with National Fire Protection Association Pamphlet No. 13, "Standards
for Installation of Sprinkler Systems" (also is.ued as N3FU 13).

2. To provide maximum available pressure, water used for (ice
sprinkler systems shall be tapped off the street main and rua to the
building as a separate supply.

3. The selection of fog nozzles shall be stede with propei. coisidvra.-

tion given to such factors as physical character of the hazard involved,
draft or wind conditions, material likely to be burning, and the general
purpose of the system. Because ot biological hazards, fog nozzles shall
be provided.

C. Fire !lose Access: A pentLration shall be provided in at least, one
exterior wall of the contaminated area for a fire hose access port.

liis opening s-hall be a capped pipe. sleeve in,'fal lfd in the wall, which
may be opened to allow firemen to pass a fire hUse directly into the
contaminated area of the building without having to traverse the change
room labyrinths.
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D. Sprinkler Alar. Systm

I. Central Alarm: Operation of aiy part of the -prinkler system

shall activate an alarm in the central firehouse.

2. Branch Alarms: Branch alarms shall be installed in each main
corridor and wing of each building, activated by flow in branches of
the sprinkler header system.

3. Fire betectior and Alarm System.

, .a. Conversions: In buildings erected previously without
"L a sprinkler system (see 3-05 A above), a fire detection and alarm system

was provided. It sprinkler systems are installed during the alteration
of such buildings, the Government will determine the disposition of the
existing fire detection and alarm systems.

b, New Bu.'dins: A separate fire detection and alarm system
shall not be provided in new buildings unless specifically called for
by the Government.

c. Reference: Set-- 5-08, ELECTRICAL, for criteria for the

fire detection and alarm &yst.et.

S-'}, ,, E. Flammable Material Storar.: See ScCtion 1-03 J, ARCHITECTURAL.

3-06 INSULATION

A. Gcneral

"1. All insulation that i', subject to urechanical abuse shall be
adequatcly protected.

2 Sue 2-13 EJ IIV&AC for insulation requiremets Ifor L"M',f\ euipment

and ducts. F
3. Standard commercial insulation and practices shall be used in

the nion-contaminated areas.-

4. For baoth contamLnt•te.d and non-contaminated ar•-as, all insulation
i materials shal.i have a surface flame spread rating not highc.r than 25

without evidenu.e of continued progressive combustion, and shall be of
"such compouition that: surfaces exposed by cutting through the material
in any way shall have a flame spread rating riot blghlr than 25 without
evidence of cont.itnied progressive com.Ibutuion. Smokýe generation rating
shall not exceed 50, (Flame spread and sr oke generation ratings as used
heroin refur to rut tiugs obtairLed according to thu "SLandard Lust hetlod i
for Five Fazard Classification of buildtng Matcrials," ASTM E84 NEPA

. •.No. 255, UL Standard.) rhpsk limitations shall itot apply on piping or

t74 eq iiperi t when the insulation iuwlterials are sheathed it stainless steel,

3.33 4
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B. Special Criteria for Contaminated Areas

I. Piping should be routed, and equipment located, so as to minimize

the use of insulation with due regard for cost and functional

requirements.

2. Where burn protection only is needed, the possibility of using

- fenders instead of insulation should be considered. For hot water,

steam, and condensate piping, full-length burn protection shall be

provided in pipe chases.

,. 3. Insulation shall be finished with materials that will withstand
the decontamination procedures for the given area, and will retain a

finea, smooth, crack-free outer surface impermeable to moisture.

4. Insulation shall be fabricated of non-organic materials and shall

*" be of a type to prevent biological migration (closed-cell, reflective,

etc.), In the event of d. age to the finish material, the insulation

shall not deteriorate when directly exposed to decontamination procedure.

* If insulation is metal sheathed, both of these requirements may be waived.

• 5. Insulation for process piping (rarely used), or for any uLhe lile

to be halogen leak tested, shall be applied after testing and shall not

C . cover potential pipe leak spots such as screwed fittings.

* 6. Insulation used in any room in which equipment must undergo
halogen leak testing shall be fabticated of non-halogen liberating

.material (see 4-19, EQUIPMENT). Where insulation is enclosed in a gas-
tight sheath preventing escape of halogens, or is for refrigerators
(see 4-03 C.3, EQUIPM4ENT), this requirement may be waived.

7. Equipment or piping potentially subject to leaks shall have

an insulation system unaifueLed by the, 1eakL... 5 .... ig. (o example)

polystyrene shall not be used over equipment or piping handling
trichlorethylene.)

8. Seals around insulated lines passing through walls separating
- areas of different levels of contamination and through floors or ceilings

in contaminated areas shall be provided in accordance with sub-section
' I 1-05 E, ARCIIT1ECTURAL (Plates No. 1.15, 1.19, and 1.20).

3-07 MARKING AND COLOR CODE

A. Pipe Line Symbols and Color Code: Table 3.1 lists the symbols and
color code for the various piping services, including process and waste.

B. Standard Militarx Code: The standard mIL.i tary color code shall. be
- used as specified inL HIL-STD-10]• 3 March 1954, "Color Code for

Pipelines and Compressed Gas C,,.nders," and AR 385-30. 16 August 1965,t "Safety - Safety Color Code Markings and Signs" (Cylinders and Pipe

43/68
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Lines). This includes colors, stenciling of panels, and metal tagging
of valves. Terminal cocks shall be marked by stencil or names on stop
cock handle; lines shall be stenciled at the point of entrance into a
room, and at least once every fifteen (15) feet in continuous span and
at turns and junctions (see Plate No. 3.10).

I. The use of decals or tape, instead of paint, is approved provided
that appropriate colors are used and that the decals or tape are com-
patible with the decontaminating agents used in the contaminated portions
of the building.

2. Luminous paints should be considered for color coding lines
and marking valves in attics, for improved visibility.

C. Boioogical Hazard Wiarning Symbol: A universal, USPHS approved

biological hazard wairning symbol shall be used to identify areas such
as entrances to certain laboratories and animal rooms and equipment such H
as refrigerators, incubators, and deep freezers used with infectious
materials.

1. S .: The biological hazard warnitg symbol (biohazard symbol)

specified herein shall be used to signify the actual or potential presence
C, of a biohazard and to identify equipment, containers, rooms, materials,

experimental animals, or combinations thereof that contain or are con- H
taminated with viable hazardous agents.

For the purpose of this standard, the term "biological hazard"
or, synonymously, biohazarKd, shall include only those infectious agents
presenting a risk or potential risk to the well-being of man, either

* directly through his infection or inditectly through disruption of his
environment.

The standard does not specify a minimum hazard level for which
the symbol shall be used.

2. Symbol: The biohazard symbol for signifying biological hazard
as defined in the• scope of this standard shall be designed and propor-
tioned as illustroted on Plate No. 3.11.

it The symbil shall be ac uromLuent as practical and of a size

V consistent with rbe size of the equipment or material to which it is

affixed, provided that the proportions vhown are maintained, and,
* in any case, thbe the symbol can be easily seen from as many directions

as possible.

Except when circumstances do nuu: permit:, the symbol shall be
*7 oriented with one of the three open circles pointed up and the other

two forming a bas-.

3/68 J
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3. Color: The symbol design shall be a fluorescent orange or orange-
red.* Background color is optional as long as there is sufficient con-
trast for the symbol to be clearly defined.

4. Restrictions: The biohazard symbol shall be used or displayed
only to signify the actual or potential presence of biological hazard
as provided in the scope of this standard.

Appropriate wording may be used in association with the symbol
to indicate the nature or identity of the hazard, name of individual
responsible for its control, precautionary information, etc., but never
should this informaation be superimposed on the symbol.

Hazard Identity:

*WESTBURY, NEW YOrnC,

*Day-Cl•? Fire O:Inage oi the Swittzer Eiothers, lnc, is cited as a-o

example, not an endorsement.

3/68
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D. Metal Taa~ing of Valves: All valves on all lines shall be tagged as
follows:

1. Contaminated Service and Process Lines: All valves on contami-
rLated service and process lines shall be tagged with a star-shaped tag,
wired to the valve. Tags shall be of enameled steel, brown, and with
the line symbol stamped thereon (i.e., CCD, etc.).

2. Non-Contaminated Service Lines: All valves on non-contaminated
service lines shall be tagged with a round tag, wired to the valve.
Tags shall be of plain aluminum and uncolored with the line symbol
stamped thereon (i.e. DW, etc.).

E. Marking Lines Enterin or Leaving a Building

A metal plate shall be attached to the outside wall of a building
immediately above the point where a line enters or leaves the building.
This plate will give the type of cervice, the size of the line, and the
depth of the line. .1

I.I
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TABLE 3.J

Marking and Color Code (3-07 A)

Basic Secondary
-ym . 1. Band Color Arrow Color Service

, 100-S Gray Gray Steam - 100 psig

"60-S Gray Gray Steam - .60 psig
10-S Gray Cray Steam - 10 psig

-NI1C Gray White High Pressure Condensate
.- •60 psig and Above, Non-

Contaminated
:¼t CHC Gray Brown High Pressure Condensate,

Contaminated
S N-- Cxay White Low Pressure Condensate

Below 60 psig, Non-

Contaminated
q : LC Gray Brown Low Pressure Condensate,I•. "Contaminated

. DW White White Drinking Water

C .- GW Whit3 White Cold Water, Non-Contawluatied
CGW Brown Bro-n Cold Water, Contaminated
.NW,, White White Hot Water, Non-Contaminated
XNfW-R White White Hot Water Return - Non-

Contaminated
i! CR4 Brown Brown Hot Water, Contaminated

;.I CHW-R Brown Brown Hot Water Return,
Contaminated- ACW White Whlite Air Conditioning Water

o ACW-R White White Air Conditioning Water Return

DMW White White Distilled Water
DM4 White White Dei'oni-zed Water
N Gray Black Nitrogen
HDC Black Black Hydraulic Lines
CA (Old Symbol,

CPA, NPA) Gray Green Compressed Air
DCA Gray Green Dry Compressed Air

"j 1A Gray Green Instrument Air
"1 A Gray Green Mask Air

PG (Old Symbol,

4 I CPG, NPG) Yellow Yellow Propane Gas (formerly
Pyrofax Gas)

NVA Gray Gray Vacuum, Non-Contaminated
CVA Brown Gray Vacuum, Contaminated
CCD (a) Brown Brown Drain, Contaminated
NCD (b) No Color No Color Drain, Non-Contaminated

NV Gray Gray Vent, Non-Contaminated
CV (c) Brown Brawn Vent, Contaminated

~' -3/68
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TABLE 3.1 - Continued

Basic Secondary
"Symbol Band Color Arrow Color Service }
CVI Brown Brown Vtn-t, Contaminated to

Incinerator
IRT Gray Gray Decontaminant Lines
TRE Gray Cray Dreont ne
BC 6" Brown

Band - BC in
• Sternciled in

"Black on Band Orange Blowease Line T e•.'• ";•:' (Waste Collection Treatment) !••

S"SW White White Storm Water 1>
* u CULT (c) Blue Cray Product p

'ED Pink Pink Slurry
CLUC Black Black Glucose Solution
n ,. h Tan Tan Ilydrolysate

"PRA Gray Brown Process Air

DFRA Gray Brown Dry Process Air
ACID Blue Blue Acid
ALK Blue Blue Alkali

r CWS White White Tower Watcr Supply . ,
i CWR White White Tower Water Return

CWS-60 (d) Brown Brown 60' Cooling Water
Supply (d)

CWR-60 (d) brown Brown 600 Cooling Water
Return (d)

RCWS-35 (d) Brown Brown 35' Refrigerated Water
"Supply (d)

RCWR-35 (d) Brown Brown 35' Refrigerated Water
'" 2Return (d)

TWS-H Brown Brown Tempered Water Supply, Hlot
mW Is -r C Brown Tempered Water Supply, Cold
TWR Brown Brown Tempered Water Retturn
H•S White White Heating Water Supply
HWR White White Hleating Water Returni

Note: 1. On insulated lines, code is to be applied on insulated portion.
2. If pipe or covering is same color as basic band color, then band

, :is not required and arrow should be of contrasting color.

(a) When used in process area, secondary arrow color is gray, and symbol
is placed on 4-inch orange band.

(b) When used in process building, colors are black and black.

i" *. " (c) When used in process area, symbol is placed on 4-inclh orange band.

(d) Other temperatures may be specified.
'4170
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cAI BAN ~J ~~COLOR

IWidth of band to be .2" for l pipe sizes for each, color

7 ý'I

, . SECONDARY ARROW COLOR

T T

~' ~V4 ~Direction "Of,': flwyeversible f low'
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It of to i t I t, og'se;orcove r In j-size A, -~~'* B.~ C
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~1. A~i BAND COLOR

Width of band to be 2" for alt 'pipe sizes. for each' color

<7.~~~~ ..flWQSECO NDARY -ARROW COLOR t7Y:k

4,4.

* m.;..Direction of f tow Reversibl,ý -ftc .

* ~~:~ ~'r.i1 : ~:<.'j\~UsiDIMENSIONS OF, ARROW -
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2-1 /2" dia or above 3/4 . . " 379 •
o ,,PIPE SYMBOLS

~'For use on 2" or less pipe For use on 2-1/a" or more §

or covering:,.. pipe or covering:
Height of letters-t1/2 ''Iih of Ietters-3/4"

kThickness of lines- 3/32" Thickness of line S- 1/8
*Spacing between letters-W14"' Spacing betee
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SECTION 4.

EQUIPMENT AND ACCESSORIES

4-00 INTRODUCTION

A. Scope

This section is addreased primarily to those architect-engineering
personnel concerned specifically with the engineering and design of
equipment and accessories for the microbiological facilities at Fort

. Detrick. It does not include equipment for heating, ventilation, and
air conditioning, which is covered in Section 2. It applies to new
facilities, and to modifications and additions to existing facilities.

h We repeat here again, as in every section, that the purpose of this
manual is to present special design criteria based primarily on biologi-

i, cal safety considerations. It is not intended to duplicate the fund of

standards and criteria normally possessed by the architect-engineer.
However, a sub-section of Fort Detrick Design Practices not related to

, safety considerations is given at the end of this section- In addition,
"Apnnendix A lists a number of Fort Detrick Purchase Descriptions and
Specifications.

2C As described in Volume 1, Fort Dettick contains a variety of
* facilities, juch as laboratories, pilot plants, test chambers, fillip";

lines, storage areas, and others. ThLs manual prcsents the criteria
that all of these facilities have in common. To avoid vagueness, m-.ny
"of the criteria are stated in terms of laboratory buildings, but this

should not be taken to mean that they ate not generally applicable.

With some exceptions, the requirements peculiar to each type of
facility are not covered in this 1,,anual.

B. Conversions and Modifications

The application of the criteria presented here to the design of new
facilities generally will he straightforward. However, many projects
involve the conversion or modification of existing facilities. Since
' these facilities were built there have been changes in the criteria,

-• . based on technical innovations or operating experience. As a result,
it is important for the. designer of such modifications to exercise
judgment and flexibility in applying the new criteria. Some of the
potential problems will be resolved by the specific Contract Scope of
Work for the individual project or by othier guidance provided by the
Gover 1 nmnLknt.

2/66
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C. Ceneral Principles

1. Confinement: Equipment must be designed for the protection of
personnel in agent areas by limiting and controlling contact with
biological agents. Equipment must also meet certain tests in order to
be acceptable in agent arees (such as the halogen leak test, as described
in Section 4.18). Special seals are required for rotating shafts in
areas where they enter agent equipment.

2. Materials of Construction: Materials of construction besides
meeting structural strength requirements must also be non-toxic to
"agents where used in contact with them (except in waste collection
treatment units). Materials must also be able to withstand the corrosioi
caused by a variety of chemical decontaminants, and particular care
should be taken in using dissimilar metals to prevent galvanic corrosion.
Where field welding is required, low carbon stainless steel must be used
to prevent embrittlement or carbonization at welds. To prevent the
possibility of "pin hole" leaks, no castings for enclosures will be
allowed.

3. Fabrication: To facilitate cleaning and to prevent the accumula-
tion of contaminants, equipment such as cabinets shall have no pockets,
burrs, or sharp corners. Floor of cabinets shall be sloped to the drain.

' 4
4. Installation,. Operation, and Maintenance: Equipment shnl ble

designed, constructed, and installed to facilitate simple operation, ease

of waintenance, accessibility for cleaning, and ease of decontamination.
Equipment located in safety cabinets will not be readily accessible, so
that shut-down will be critical and costly, and care in design is there-
fore essential.

5. Economy: Equipment design and fabrication must provide the best
overall economy with due consideration to procurement, installation,
operatiUn service, maintenance, and decontamination costs. Conunerciolly
available equipment should be used whenever it meets the requirements or
whet, it can be economically modified to meet the requirements by

specifying different materials of construction, specitl shop coatings;
or other changes.

*. D. Oryanization of Section 4

The remainder of this section is divided into sub-sections that.
describe both standard anid special equipment peculiar to a microbiologi-
cal laboratory, such as zafety cabinets, animal cages, refrigerators,
incubators, sterilizcr., etc. The final sub-section is concerned with
Fort Detrick Design Practices not related to safety.

4-01 BIOLOCiCAL SA&EOi CABINEITS

SA. General: The safety cabinet is the most important single piece of
equipment for prevention of laboratory infections. Safety cabinets aze

widely used at Foi. Detrick, either a" individua2l unit, or by jo"nin..
3/68
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'I

a number together to form a cabinet system. There are three basic kinds

of safety cabinets, differing in the degree of confinement of biological
katerials. The Class I safety cabinet is dependent on a high-velocity

air flow into an opening in the front, through whic.i the worker can pass
his hands. It is similar to a chemical fume hood in this respect, but
differs considerably in structural details. The Class III safety cabinet
is gastight, with the work done through attached rubber gloves, and is
therefore suitable for more hazardous work than the Class I and laminar
air'flow cabinets. The Class IIL cabinet is maintained at a negative
pressure, and is ventilated at a relatively low rate. The laminar airflow
safety cabinet has a vertical flow recirculating air system and is
generally operated as an open-front cabinet. This cabinet provides a
sterile work environment and is at least as effective as the Class I

"& cabinet in preventing airborne particulates from escaping from the cabinet.
t

Class I, Class III, and laminar airflow cabinets are made of stain-
less _ seel and are similar in their basic construction. The cabinet
units are furnished with viewing windows, glove ports, service piping,
and electrical outlets as required. They also may be furnished with
openings in the rear or bottom surface for attaching equipment such as
refrigerators, deep freezers, sterilizers, and incubators, or accessories
such as disinfectant dunk baths, centrifuge wells, and lass boxes. They
are provided with filters for trea.ing exhaust air.

Conveyors and elevators may be used in safety cabinet systems for
C •horizontal and vertical ttansfers. They are made of stainless steel and

may be electrically, pneumatically, or hydraulically operated.

"B, Reference Lo-Other Sections

,-I1. Services and Drains: See 3-02 and 3-04, PIPING.

2. Electrical: See 5-04, ELECTRICAL.

3. Ventilation: See 2-06 and 2-07, IIV&AC.

C. Class I Cabinets

1. Description: Plate 4.1 is a photograph of a single Class I cabinet.
Plate 4.2 shows a similar cabinet with the front opening closed by insert-
ing a glove panel and an entrance airlock attached to the right side.9] While providing greater confinement, the closed Class I cabinet does not
meet the gastight requirement of the Class III cabinet.

2. Required Use: See 1-07 B, ARCIIITECTURAL.

3. Design Features

a. An adapter is used to mount a 300-cfm air filter on the top
of the cabinet to filter exhaust air.

47
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b. Class I type cabinets shall be designed and located so that
accessory equipment can be attached at either end of the cabinet if
necessary. Class I cabinets should be located away from doorways and room
air supply openings to prevent back-drafts that might allow escape of
contaminated air.

D. Laminar Airflow Safety Cabinets

1, Description: Plates 4.2a and 4.2b are photographs of typical laminar
airflow cabinets. Plate 4.2c shows the airflow patterns in one type of
laminar airflow cabinet. Plate 4.2d shows the parts and arrangement of
one type of laminar airflow cabinet.

2. Design Features: Laminar airflow cabinets have downward air flow
systems, with the air passing through HEPA filters that cover the entire
ceiling of the cabinet. Vertical airflow at every point within the
cabinet is 100 lfm ± 20%. Generally, a solid work surface is used with
perforated grills running along the front 5" of the cabinet floor and
along the 5" lower back wall of the cabiniet. As air passes by the open
front of the cabinet, air from the zoom is drawn into this air stream
and enters the front intake grill.

3. Testsa

a. A standard DOP test should be carried out on both the

recirculating IPA filter and the exhaust air filter after the cabinet is
received and installed and after filters have been changed. A reading of
99.97% removal of the 0.3-micron DOP particles should be obtained across
the entire surface of the filters.

b. A bacteriological evaluation of new cabinets should be
carried out before the cabinet is used with infectious Materials. These
bacteriological tests will determine the product and operator protection
provided. First, a heavy aerosol of a test microorganism should be set up
cut:si_- e th , cabinet witL'h tHe atrusul generators directed toward the open
front of the cabinet. About 45 open petri dishes containing appropriate
media will be spread across the floor of the cabinet.

All petri dishes should remain sterile after being open
for 30 minutes during aerosol generation. To determine operator protec-
tion, a heavy aerosol of a test microorganism will be generated within
the cabinet. Slit- or sieve-type air samplers will be placed in the room,
especially near the open front of the cabinet. No escape of microorganitsms
should occur during the 30 minutes in which cthe aerosol is being generated.

E. Class Ill Cabinets

1. Descripti-oa: Plate 4.3 shows an array of Class ll. safety cabiets.

2. Required Use: See 1-0/ C, ARCtIiTECTURAL.

4/70
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3. Design Features

a. The Class II cabinet provides a work space surrounded bý a

ge'tight envelope. The cabinet must be sealed to contain Fteon-12 under
3 inches w.g. pressure when icak-tested. (For halogen leak test standard:s

see 4-18.)

b., Inlet and exhaust air pass through bacterial fitteseq (aee
2-06 D, HV&AC).

c. T he Class III cabinet is maintainued at lower pressure (between
-3/4" and -2" of water) than the sucrounding laboratury atmosphere.

d. All contents, once exposed to the interior- of the Class 111
cabinet, are sterilized before they are released to the surrounding
environment.

e. The Class III cabinets are to be constructed of 204 stainless
steel and cther materials requited shall be compatible with the various
gaseous and liquid decontaminating agents in use. EliLnination of cracks
and crevices is paramount in fabrication to provide smooth surfaces for
ease of decontamination. Any requirements for special decontaminantcs
will be supplied by the Government,

f. Cabinet Seals: Class Ill biological safety caDinets have
flanged ends and are joined together by positioning bolts and sp;acers,
then sealed by an elastoiner sealant. Experience lhas shown that gastight
enclosures can be achieved with an elastomer sealant as specified in sub-
section 1-0 A, ARCHITECTURAL. Earlier designs made use of bolted flanges
with gaskets and are currently in use; however, all new construction will
be of the elastomer sealant design. Class Ill cabinet penetrations for
rotating or moving equipment will require special seals. Double 0 ring
liquid seals may be used provided that the design results in a gastight seal.

g. Cabinet SyGtems: Clasis TTM biological safety cabinets arc
furnished as units, usually 34" or 68k" long. These units may be joined to
make continuous lengths of an integral safety cabinet system. Usually the
extent of one integrated cabinet system is confined to one laboratory room.
However, in some instances the cabinet system rmay pass through a partition
and extend ir.to an adjoining laboratory room. In other instances, what
appears to be one sysc:em of cabinets may actually contain several sections

' that are isolated by doors inside the cabinets, and are considered as
separate cabinet systems. Cabinet branches may likewise be isolated by
doors in the cabinet system.

h. Doors: The door normnally used in the Class III cabinet system
is the DBO type manually operated door (see Fort Detrick Drawing F-93-1-
6616). Other types of doors may be reqiti d whelre door s.wing 2 a lhampered
by equipment or for other reasone. Changes from the standard DBO door
shall be subject to approval by the Government. Any door used to separate
sections of a cabinet system must bu gaslight and will be required to meet
the cabinet leak test requirements (see 4-18).

4/70 L_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _
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i. Air Inlet and Exhaust Tocatioa: See 2-06 D, HV&AC.

j. Filters and Ventilation: See 2-0OC D, rIvAkC.

k. Services: See 3-02 and 3-04, PIPING. and 5-04, ELECTRICAL.

1. Shampes and Sizes: The cabinet units are available in various;
sizes and shapes, and any of the units having different cross sections U,6y ,'$
be joined by adapter plates. The cabinets are available in single modular .
"width of 34" and double width of 68W;". Shapes are designed for both

single-side and double-side operation. Attaching special equipment such
as incubators, refrigerators, and deep freezers at the ends, rear, or
bottom of most types of cabinet is provided for by special openings and
adapter plates.

mi. Biol.oical Safety Cabinets Catalog: A two-volume catalog
entitled "Biological Safety Cabinets" (1965) has been prepared to assist.
in selecting the proper type and size cabinets with optional accesories
desired. The catalog describes all approved types and their applicable
reference drawings for fabrication. Copies of the catalog are available
from the Government.

4. Cabie.et Att.iachments: The following equipment may be attached to a
number of the Class III biological safety cabinet.

a. Refrigerator: A Clasg III biological cabinet bottom-mounted
refrigerator may be used in conjunction with the normal Class 1.1
cabinets. See subsection 4-03, Refrigerators, below.

b. Incubator: A Class III biological cabinet incubator vay be
used in conjunction with the normal Class I1. cabinets. See subsection
4-05, Incubators below.

c. Deep Freeze; A Cla-is III biological cabinet bottom-mounted
deep freeze may be used in conlunction with the normal CMass III
cabinets. See subsection 4-03, Deep Freeze, Veerow,.

d. Centrifuge Well: A Class III biological cabinet bottom-mounted
centrifuge wtll may be used in conjunction with the normal Class III
cabinets. See Fort Detrick Drawing F-93-1-4007-4 for details.

e. Dunk Tank: A Class III biological cabinet hottoin-Mou;zted dunk
tank to hold chemical decontaudinating solution may be used in conjunction
with the normal Class Ill cabinets. See Fort Detrick Drawing F-93-1-
4007-1 for details.

f. Sterl.lizer: One or more htck-oiounted gastight double-duor
sterilizers, fitted for use with steam *ind gas, iic generally used in
conjunction witb a Class III cabinet system.

g. Pass 11ox: A Class III biological cabinet p:iss box way le used
in conjuncti.on with the normal Class Ill cabinets to provide access to the
cabinet systein.

!$ 0
4.11 j

-........ . ' ." "-- •• • Z • " : --- ' • • -



FORT DE'I'rICK EQUIPMENT L
DESIGN4 CRITERIA 4-02 A

4-02 ANIMAL CAGES AND CAGE RACKS

a. Animal caczos: Animal cages are the unit's in which animals are lodged
wbile awaiting or undergoing experiments. The cages uay be either venti-
lated or non-ventilated, depending upon the requireuents (see Plates
4.4, 4.5, and 4.6). Details on the differert types and sizes of cages
available for various animals are given in Fort Detrick Purchase
Descriptions.

1. Ventilated: Ventilated cages are units in which air is supplied
and exhausted from the cage by an external exhaust blower system. The
use of inlet and exhaust filters on the individual cages results in
the isolation of the animal from the room and from animals in other cages.

2. Non-ventilated: Non-ventilated cages are open units in which the
animals are exposed to the environmental condition of the room and share
the general room ventilation.

a. Cages to be used with racks equipped with ultraviolet light
shall have solid sides to protect the animals from radiation.

B. Animal Case Racks: Animal cage racks are the units on which the animal

cages are housed. Animal racks way be ventilated or non-ventilated
depending upon the type of animal cage they will house.

1. Ultraviolet: Animal cage racks used for holding knfectious animals
shall be equipped with adjustable ultraviolet fixtures aný reflectors (see

"* Plates 4.7, 4.9, and 5-03 B, ELECTRICAL).

2-0 B2. Ventilated: See Plates 2.2, 4.7, and 4.8. For ventilation see
S I 2-0"7 B, }WV&kC.

3. Non-Ventilated: See Plate 4.9I

a. The rack shall have a solid shelf above the top cage to
protect animals in open top cages from possible drafts caused by over-
head air diffusers.

b. The underside of each shelf shall be painted with a low-
reflecting, non-glosýs paint to reduce reflectance of l].V. radiation into

~ q the non-ventilated cages.

c. For ventilation see 2-05 B, HIV&AC.

4-03 REFRIGERATORS

A. Required Use: Sue 1-07 1, ARCILIThCTURAL.
B. Walk-ln Refrigerator Room: See 1-03 1l, ARCIIITLCTURAL.

C. Laboratory, Pree-flta!dtln: A free-standing lahorato•'y-type refrigerator
may be provided in any laboratory.

4/70
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1. ___ Laortcy .-o 1_tuch Top:_ TM Crg rma e ntle

b~elow, laboratory bench tops for localized storage or a6 a spaice saving

feature.

2. M'odif ication o-f Controls: AIL tree standing refrigo.rators, shall
have the interior light SWitc i and ihleruostat Yremoved andi the controls
mounted outside the refrigerator.

3. Lnsu 1 at.ion: It-nn la ioni for this equipment is not required to be
non -ha logen- libe~rat ing? (see also 4-19).

4. betai is of C~onstru~ict too:* Deut~ii i ci construction are given iii
Fort Detrieký Purchast! Pes crpioj.i uu

1). Safety Cabinet: A refrigerator for ii,;, fin a Claiss III cabinet sys te,ým
may be pr ov ided a s a h3c L oi -iiv'un t e d uniit at( tachIek!d t o t1he s af e ty c abinlet by
an adapter plate; it will bie -reqcuired Lio west the safety cabinet leak testrequirements, see 4-18. 1';),I".atI i;tsidrd otto-ute

refrigerator see Fort DetricLk brawing8 F--2i?-3--2076.

> ~ 1. Insulation: Insuilation must not liberate halogens, since the-se
would interfere with lektsigof ttin safuty cabinet (see also 4-19).

E. Safety Markings: All refrigerators, lucated in contaain-Ited areas,
Cxcept those connectedl L ,' a Cls It I O ift shallI be a1ppropriate ly

k ma~rked with an 8-inch Ionci.;:cl~e, loin, aced above in brown With "In
Case of Fire Place All Infectiinsf Culturc.,' Here" and below with "Firemen
Keepý Out Un1less Su~pe-rvised.'

F. Controls: For contlal!; and 0 ~t:uS -05 C., INLSTRUMENTATION.

-) G. Deepfreeze

1. Free Atndo )I--- --- t or upTright- unit
may be required for speci.l ic ;ippIicattion. lDeepfreoze tin its shlall be con-
,struc~ted 01 eovsIirei ftniL e~ria 1 anid have a1 simooth finlish inside
and out. They shlFlJ be UJiqa ipjed w\*X ZdI asinstable- shielves and have et,.Ierior-
mounted controls.

2. Safety Cabine-t: Al;( di tL:Iot Cini a C laSs 111. cabinet- System
may be provided as a bot-tom-wotoited uoil . This unint is attached to the
safety cabinet by an adapter iplate and will be required to meet the. saufety
cabinlet leak test. re-quiremelonts, see 4-V8. lot detaiis of a standard
bottom-mounted deepireeze-. ave Fort Pmotriclk Dcawing F- 127 -3-2OW6.

3. Sn fety Hakny All dnpfcaslatdin c Ontllminit ed areas,
ex.cept those connectedl to a C la-ss MT LI abinet, Ohal 11 e appropriat-ely
ijarked asit-i 1.o cuxt e .tl1'-cc z /k 1 ' 1

4-04 INMiNERATORS

A. ~ MILdj)t§ A irowbiiili.t on -t yp:: inci beta',or shall. tie, used
to incinerate all efflkuent a11r from1 C kiss ill11 biological. safety cabinet

4170 _ _ _ _ _ _ _ _ _ _ -- - _ _ _- _ _ _
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jiSSIGN CRITSRIA 4-04 A

systems (except as provided by 4-04 B below), aerosol chambers, waste
collection treatment units, discharge air from process equipm•ent, and any
other unit that may discharge contaminaLed air. See Section 6-05 L.3,
INSTRUTMENTATION for operational details.

B. Electric Air Incinerator: An electric air incinerator shall be used
to incinerate all effluent air from Class III cabinet systems whenever
a combustion-type incinerator is not available.

C. Refuse Incinerator: Where it is economically desirable because of the
building size and amount of combustible trash, a local building incinera-
tor may be installed, Where such use is specified, appropriate criteria
"will be furnished by the Government.

4-05 INCUBATORS

A. Required Use: See 1-07 E, ARCHITECTURAL.

B. General

1. Incubators shall be of all-metal construction.

2. Forced-convection type incubators shall be permitted only in
(7 Class I or Class III safety cabinet systems.

3. All incubators shall be compatible with the standard Fort Detrick
egg tray, see Fort Detrick Drawing F-93-1-6728.

• 4. All controls shall be externally mounted and explosion-proof.

5. Special sensitivity incubators shall be water-jacketed for close
temperature control.

6. Insulation for incubators is not required to be non-halogen-
liberating (see also 4-19) except ior incubators attacied to Glas ... I
safety cabinets (see 4-05 E below).

C. Walk-In Incubator Room: See 1-03 11, ARCH1ITECTURAL.

D. Laboratory: A bench top laboratory incubator may be provided in any
laboratory as required.

S'Il E. Safet._ Cabinet-

1. Incubator: An incubator for use in a Class I or Ill cabinet sVsieII!
may be provided with a bottom-mounted unit or a Class Ill incubator cabinet.
These units are attached to the safety cabinet by an adapter plate and shall
be required to meet the safety cabinet leak te,%t reupiirements (4-1V). 1o r
detail U of a bottom-mounted incubatlor see Vort Det.rick Drawing F-127,-3-207/;
for tht incubaror cabinet see Drawing F-93-1-6675.

2. I _nslation: Insulation must not liberate halogens because these
417 would interfere with leak-testing of safety cabinet (see also 4-19).
4/70 " 4 .. 14
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F.Safety 'Ilrin,'s All incubators, except those connected to a Class I or
IIsafety cabinet, shall be appropriately marked as indicated above, see

4-03 E, Safety Markings.

G. Controls: For huimidity control~s and alarm, see 6-05 D, INSTRUKENTLATION.

4-06 STERILIZERS

A. Reuired Use: See 1-07 D, ARCH1ITECTURPAL.

B. j~eaUreaents

1. All steam sterilizers (autoclave5) shall be double-jacketed,
single- or double-door type, with door swings as dictated by the installa-

* tion, and shall conform to the requirements of Fart Detrick Purchase
Descriptions and Specifications.

2. All sterilizer that attach to Class I and Class III biological
safety cabinets are to have stainless steel sealing flanges either welded
to the sterilizer outer shell or cast into the head ring.

3. Sterilizers extending through walls that 5eparate non-contaminated
areas from contaminated areas shall have a complete wall seal. sirrounding
the outer jacket, includinig the sealing of all piping, conduits, and con-
trols that extend through the wall. An acceptable'method for sealing
sterilizers is shown on Plate 4.10. Plate 4.11 is a photograph of a
similar seal used with a pass box.

a. The doors shall have interconnected indicator lights to
alert the operator when either door is open. These lights minimize the
possibility of having both doors open simultaneously between a contaminated

3 and noncontaminated area. Ir. general, the use of interlocked doors on
double-door sterilizers is not required, but may be requested by the
Government.

4. The steam header pressure to autoclaves shall be '40 psig, except
for high-vacuum sterilizers, which may require 100 pounds of steam.

5. Sterilizers may be operated either manually or automatically,
depending upon usage or needs. Automatic controls are usually Liot required.

6. All gas sterilizers and autoclaves, except sterilizern. with auto-
matic controls, shall be equipped with a flapping metal sign indicating
STERILE and CONTrAMINATED and mounted on front of the sterilizer.

C. Size: See 4-20 B, Fort tietrick\ Design rractices.

D. Conyers io,!- for G~is Anyý s Loa ;L toril 111 1c my he converLed to a pai
sterilizer for use with a Freon-ethylene. oxide gas- mixture. The manifold
as sembly for introducing this gas mixture into the sterilizer shall1 be

inaccordance with Plate. 4.13.

1. Vacuum for exhausting the sterilizer shal~l be provided by the: CVA
6/70 system, see 3-02 D, PIPING.

4.15
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E. Hiih-Vacuum Steam Sterilizer: A high-vacuum steam sterilizer shall
be used when rapid sterilization of material is needed. Either a steam
jet ejector or a special high-vacuum pump (at the option of the Govern-
Meent) may be used to evacuate the sterilizer prior to steam entry.

F, Powered Doors: Sterilizers may be installed with powered doers. The
use is not to be considered mandatory but is highly desirable for cabinet
systems because spatial arrangerents within the cabinet make manual opera-
tion very difficult. 1

G. Installation: For piping and plumbing requirements of sterilizers or
autoclaves see 3-02 A.4 and 3-04 H, PIPING.

H. Drains and Vents: For drainage and venting of sterilizers or autoclaves
see 3-04 EI, PIPING.

-I . I. Controls: See 6-05 F, INSTRUM1ENTATION.

K I J. U.V. Chamber: See 1-02 B.4, ARCHITECTURAL.

oý 4-1, 4-07 WASHING EQUIPMENT

G' lassware Waho~-

I. For ventilation of large glassware washer, see Section 2-05 G,
HV&AC.

2. For controls, see 6-05 11, INSTRUMENTATION.

B. Caze Washer

1. Cage washiaig equipment shall be supplied for cleaning animal
cages and/or boxes that have already been sterilized.

2. Large-scale units shall be equipped with fully auruomtiu cLeauing
agent dispensers to keep the required concentration of agent in the wash

tank at all times.

3. For ventilation of cage washers, see Section 2-05 C, IIV&AC.

"4. Details of construction are given in Fort Detrick Purchase
Descriptions.

C. Uitrasonic Washing Equipment: When ultrasonic washing equipment is
required, standard commercial units are used.

" 4/70
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4-08 WASTE COLLECTION TREATMENT UNITS (Blowcase)

A liquid waste collection treatment unit shall be piovided when
large amounts of infectious material will be created during facility
operation and are to be dumped into the sewage system. See Section
3-04 I, PIPING for required use and details of this system.

4-09 LABORATORY FURNITURE

A. Materials of Construction: All laboratory furniture which will be lo-
cated in potentially contaminated areas shall be manufactured of a material
impervious to biological agents and shall be corrosion-resistant to the
decontaminating solutions used for washdown, Those specific furniture
items which will be exposed to acid, alkali, or solvents shall be manu-
factured of suitable corrosion-resistant material for this type of service.
The use of wooden furniture is prohibited.

1. Stainless Steel Tops: Table tops, backsplash, and drainboards
(except those housing acid wells and baths) in glassware washing rooms,
in cage washing rooms, and in laboratories devoted to biological safety
cabinet systems for routing, diluting, plating, and plate counting of
infectious materials shall be constructed of stainless steel (Type 304),
No. 16 gage; supported on steel pipe legs. The stainless steel shall be
spot welded to heavy channel reinaorced steel frame. Legs may have ad-
justable screws on the bottom for leveling. The table top moust be sound-
deadened and storage space shall be provided by smiall removable sliding
cabinets placed under the tables. Atl joints in table top, backsplash,
and drainboards shall be butt-welded and ground to form an integral
smooth, flush surface. A beaded front edge to prevent frontal drainage

* shall be provided on all glassware washing and cage washing table tops.

2. Stainless Steel Sinks: Sinks, drainboards, and backsplash in-
stalled in glassware washing and animal holding rooms, in laboratories
where the use of corrosive chemicals is contemplated and sinks associated
with stainless steel table tops shall be stainless steel Type 3 04' and/
Type 316, No. 14 gage. Sinks shall be butt-welded integral to the tops
with invisible flush seam,

3. Acid Baths: Acid baths, acid wells, covers, and adjoining drain-
* boards shall be constructed of a material impervious to acids. Acid

baths and wells shall be integral to the drainboard with invisible flush
seams.

B. Finish: All metal laboratory furniture (othe[r than stainless steel)
including cabhinets, drawers, desks, doors, tables, and wall cases shall
be finished with an acid, alkali, and solvent resistant paint. All ex-
posed stainless steel including the welds shall be ground and poloished
to a No. 2B finish.

ý2/66 _____ ____________ ____
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DESIUN CRITERIA 4-09 C

C. Caulking: Acid and solvent resistant elastic sealing compound, as
specified under sub-section i-.06 A, ARCH:ITECTURAL, shal.l be used to seal
all joints and cracks in curbs and reagent shelves and where table tops,
curbs, cabinets, and reagent shelves abut wall or other furniture.

D. Sloping Cabinet Tops: All ccntainated laboratory storage cabinets,
lockers, wall hung cabinets, and similar furniture which do not extend
to the ceiling, shall have tops sloping to the front to prevent buildup
of dust and facilitate drainage after washdown with decontamination
solutions.

E. Flammable Material StorageoCabinet: See 1-03 J, ARCHITECTURAL.

F. Radiological Hood

I. For required use see 1-07 F, ARCHITECTURAL.

2. Outside dimensionis of radiolo,;fcal hoods shall be either four (4)
or six (6) feet in length (depending upon individual laboratory require-
ments) by three (3) teet six (6) inches Y;ide by approximately eight (8)
feet high, and shall have removable ends and panels. The frame for the
base of the hood shall be constructed of structural steel to support a
load of 4000 pounds, The counter top shall be reinforced to support the
same load equally distributeca. The entire interior aud eAterior of the
hood shall be fabricated of type 304 stainless steel with 2B finish.
The working surface is a stainless steel pan reiting on a steel. grating
so that lead bricks can be used. The entire working surface is 3/8 inch
deep, watertight to collect spillage. The hood is to have a five (5)
inch diameter stainless steel sink welded into the pan. The sash is to

.i have stainless steel side channels and be srspended on stainless steel
"and NMonel cables and glazed with k inch D.S. safety glass.

3. Before radiological hoods are specifically selected, the
Government shall be consulted as to the type of hood to be used.

4. The radiological hood shall be equipped with an interconnected
modulating by-pass damper that will maintain constant air flow to the
fan regardless of the position of the front viewing window.
S5. For ventilation requirements see 2-07 C, 4V&AC, and for piping

3"-04 .9.3, PIPING.

G. CILCJIiC.1l Fume Hood

1. The chemical fume hood shall be equipped with a by-pass damper
as disoussed in sub-suction 4-09 1:4 above

2. For ventilation requirements see 2-01 !V_&AC I or piping and
plua tring see 3-04 E, PIPiG,

S -- - ...... I "i l -1 i 'i i '"i .. . . I- *F • '• :'"I' !
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1. hesk.ý

it. lablratory dlesks shiall he ot telcoxv;t metLonl.

h . Ut. iiity dlesks shall. be ci. steel cons t riicion, walI -mouned,
with Sloping top,

2 . Cha ir:,': Acuicha res are tiot tiised ill Can1t ailillated a redzi QXcept [ar
olffices. Only Ste-el stools or chairs arte used.

3. Storg Cabinets: All cabinlets ihall be of steel construction,
with slopkng top),

4- 10 VESSELS

A. UsS:Vssels avo~e~ a,; shjell tnkcaust~i o, icaidl tank:;, blow-
cases , liy Iirc ly ze rs, miiix tanlks , ft ruiseto~r s hold tanik, -sot gto tanlks , aii
receiving t~anks arid for such services as air, tcomperoed water, reirigerat~ed

a water, deiuiciied water, et-c.

11 M~telriialS Of Contrl~ULct ian: VOS;lS maly be conIStl mtted Ot S ta 'inlovs. OF
I'conivc. t ionas I t tee is ,be 1,1lassi - 1 noned 01 ko~~u 1,7 wt h VjOX !"S rL"S (IT ma1:do

(if other uimateii las accovding t~o Oth speciftic app I teat- Loll

(C. Non-Li thaI COde Vtesse IOs: Non-Ictliai code vessels shiall be dtes iýiwnd and
C01nat mIc td aIS speci ted in) the ASME coileý

h. Lthal Code ~vVe-ssels: Lethail COde(e1i12h~ bel Cl.Mstl oct id inl ac-
CVUA rdaCO withi reqkii remt- ot s t or souch service as s 1Oci Lied il Ow h ASME c ode,
paragrap 1 M-2 (all1 weldeI ýd cotn I' t I(Ict ion)., Anty p'_l'ccsvss Iwhich it; iii
canitact with anly m kcroorgantiSný 11U'it hi-C1 ci a ma1teCjiaI thatLI is; l00k-tox)Aic
to the argan ism. Thiis uIloc: 11ot. 11ppIYI~t to WAStC t el C1Mel VC:US Sc]. s 'l 0 r

v i ii o n I I s 11 b e! i m a, 16 t, 1 s oa 1o .1t t ~ i n i L tI t- l t hta lI v k.s ";t.l~

I . 1110 inLlt. rna1 :l Iorfa J o'V I al I lt.tI ha'l Cý)l ý ct ced \ c 1,; I, VX CepI)t 101 L %li't

t Fe'a t MVent Vesi iSL or 01t Itor to;dessi pna t ed by t he Gov vrnmm1w int , shall be

NO h l -kaill I i magsq Shlm I heusC ' ill weýldin.ll

2. LCO. 1 thil V code I vesesMay b%.: iUnso1lat i'd only OVOn Z;rea thlat ZA _e

3 . S t k kl t!s;NteeCI l- usd le,\jrI lt;. -1. cod \'masu v 5 rh 1;u I hI below c;mIu ho I
U h4 1, 0. 3"i/,.sa 1111 I ca t L L,) tou a voNi d vmml v i L t c len1t or1 c rbv )o IIi ? a t ion at

VC' I0 t r''Ios ' "Ostt~ a ký I en c i rOD 1. I""'; trJ.ki k ' ti I~ hit 01 i) i v vl !0 cki

- iiial. 11klg colit Io10 1 his 1k1 tll i t Iii S iu c s

(IK
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DESIN CIRiERIA 4-10 E

,E. Design and Testing: All lethal code vessels shall be designed for
working pressure plus full vacuum and shall also be designed for
internal vacuum. Hydrostatic tests on all lethal code vessels shall
be at 1.5 times the design pressure, corrected for the test temperature
as outlined in ASME code, paragraph UG-99b. Lethal vessels shall also
be halogen leak tested at operating pressure, after installation, as
described in 4-18.

4-11 COOLING SYSTEMS

A. Cooling owerl: Cooling towers used for process equipment shall have
no piping connections with cooling towers used for air-conditioning
chillers. A water meter shall be installed on the makeup line to all
cooling towers.

B. Coolers, Heat Exchangers, and Condensers

1. Lethal Code Servtce: The pressut-e in an exchanger being used for

lethal code service must be such that the fluid side being used for cool-
ing or heating be at a pressure. higher than the agent side pressure.
This allows the heat transfer fluid to leak into the agent side in case
of a brenk and reduces the danger of contaminating the service fluid.

( 2. Materials of Construction: Exchangers must be of a material

designed to resist corrosion of process liquids as well as decontamination
solutions, avoid brittle fracture, provide long life, and be non-toxic
to agent material.

" 3. Maintenance: h[eat exchangers, coolers, and condensers shall be
designed to allow quick and easy maintenance.

4. Des!ign and Testing: Exchangers used for lethal code service
shall be designed and tested in accordance with 4-30 E.

4-12 CENTRIFUGES

A. General: Centrituges are used to concentrate agent material or used
in laboratories for analytical purposes. They include air electrical,
hydrauliz, and steam-driven types. The size and capacit"y will be deter-
mined by the specific application. Centrifug-e bowls u';ed to contain and
concentrate agents shall be constructed of material non-toxlc to agents.
' Centrifuges handling in[ectious agents must 1be located in a ventilated
enclosure, unless they are equipped with safety cups (see Plate No. 4.1Z).

3. "•ree tanding.: Laboratory size centrifuges way be true bttaudiug I loor
type or bench top models.

C. Safety Cabinet: A bottom-mounted centrifuge well 1ay ha coneucted tota number of the standard design Class III cabinets for housing the cent~ri-
fuge. For derails of a botl om-mounted cen[trifuge we ll s•e Furlt Dp.trick
Drawing No. F-93--14007-4.

3/oS__________
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4 -13 PUMPS

A. General: Pumps located in areas subjected to frequent washdowns with
decontamination.solutions shall be painted to protect against corrosion.

B. Lethal Code Service: Pumps used in transferring concantrated agent
slurries shall be of the canned rotor or other Government-approved type,
or shall be enclosed in a Class III cabinet. Pumps in contact with agents
shall be constructed of a material non-toxic to the agent being pumped,
shailbe resistant to decontaminating chemicals, and shall be of a
sanitary type for ease of dismantling for cleaning purposes.

4-14 HYDRAULIC SYSTEMS

A hydraulic system may be installed as a central system or as an
individual local system. Compressed air (CA) may be used as the source
of pressure.

4-15 SHAKERS

Shakers handling infectious agents, unless approved safety containers
are used, must be located in a ventilated enclosure.

4-16 DECONTAMINATION EQUIPMENT

A. Portable

1. See Appendix B for a discussion of decontaminating agents and
methods.

2. Decontamination of equipment and laboratory rooms in contaminated
areas will generally be carried out by portable equipment. Overhead
sprinkler systems will not be used in laboratory buildings but may be
considered for use in pilot plant locations.

B. Installed; See 3-02 S, PIPING.

44-17 SPECIAL EQUIPMENT

A. General: This sub-section covers laboratory and process equipment of
leos general use or more specialized nature than that covered in the
preceding sub-sections. This equipment will generally Le specified by
the Government in the Contract Scope of Work. Examples of su.'h equipument:
are:

1. laboratory EwI,,.pment! Balances, sterilizing ovens, conveyors.,
elevators, etc.

2. ProcessLument: Agitators, pclleters, freeze driurs, etc.

3/68
4.21
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B. Desigýn Consideration,"

1. Materials of Construction: Equipment shall be fabricated of
cortosion-reilstant m-ateri~al capable of withstanding a variety of

decontaminating solutions. Equipment in contact with agents shall beconstructed of material non-toxic to agent material.

fs Finish. All metallic surfaces except stainless steel shall be
finished with an acid-, alkali-, and solvent-resistant paint. All exposed
stainless steel including the welds shall be ground and polished to
either a No. 2B or a No. 4 finish, as specified by the Government,

3. Shaft Seals: See subsection 4-01 E.3f.

4. Anti-Sparking: Consideration should be given to anti-sparking
requirements for any area in which powdered material may be present.

5. Special Tests: Performance and reliability tests for equipment
mav be required, as well as a halogen leak test. See 4-18.

6. Comwercia 'Ijsuipment: Commllercially available equipment should be
used when it meets the requirements or when it can be suitably modified
by specifying different materials of construction, special shop coatings,

'- I o • thezr moder channes

4-18 IWLOGEN LEAK TEST STANDARDS

A. biological Safety Cabinets

1. Use 1 ounce minimum of Freon-12 (dichlorodifluoromethane) for
every 30cubic feet of enclosure, then apply and maintain 4 inches water:
gage pressure.

2. In testing for a leak, the nozzle of the probe shall be held at
the surface of the unit being tested in such a manner as not to jar the
instrument and should be moved at the rate of about ½ inch per secoud.

3. Ordinarily no leakage should be accepted. In terms of tlhe
presently available equipment (General Electric Co. Halogen Leak
Detector Model 11-2) it is considered that readings up to 0.5 milliampere
on the high sensitivity setting are insignificant when testing at 4
inches water gage pressure.

"4. The room used for testing must be free of halogen compounds
(see also 3-06 1,.6, PIPING) and air movements in the room should be kept
to a minimum. No smoking should Lake place in the area in whiclh a test
is being conducted,

B. Miscellaneous Equipment: l lo, ecn testing of other equipmt:uit shall becarried on at the maximum operatirg pressure to which the piece of equip-
"ment will be subjected.

i!4/iO
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4- Y) INSUIATION

A. Insulation that libera,.s halogens shall not bu used on mechanical
equipment if there is any danger that the insulation will interfere
with halogen lenk-testing of adjacent safety cabinets or other gastight
equipment. Such danger may he absent because:

1. The insulated equipment is sufficiently remuved from the cabinets.

2. The construction of the insulated equipment effectively seals the
"insulation froin the atmosphere.yl

B. See also 3-06, PIPING.

° 4-20 FORT DETRICK DESIGN PRACTICES

A. Scope

1. This subsection conla.ns criteria and design information not
related to biological safety considerations, and is not intended to
be comprehensive.

B. Sterilizers

Sterilizers are normally used in the following sizes:

Approximate

Inside Dimensions cu. ft. A) l1ication• • 16" wide x 16" high 3.6 Ga,; stecrilizers between contaminated

S24" long and non-contaiinated offices. In
laboratories and for attachment to
,-~sfe.Lt'y cahiflets Class I
and Class III

20" wide % 20" high In laboratories and for attachment
x 36" long to biological safety caibiets

Class T and Class IlI

'I 24" wide 7, 24"' high 12 In glasswarc. washing rooms
x 36" long

24" wide x 36" high 24 In ventilated suit ani', holding
x 148" long unit s; gi s stcrilizes x :.' t.,,een non-

contaminated and contaminuated storage
rooms; in medLa preparation and

~4/70 _ _____ ____
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Approximate
Inside Volume,

Inside Dimensions cu. ft. Rpiication

36" wide x 42" high 74 For ordinary loads of cages and

x 84" long between non-contaminated and con-
taminated storage rooms

48" wide x 54" high 126 For heavy loads of cages

x 84" long

4.2
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I ~SIUION 5

i1: 1 .iC(i' 1 CA I,

5-O 1 NTRODU01. Wf[N

A, Stcope

Th.ý SectitIl is :ýJdressi'd prhilna;it ao rotite cgkne

I)Qlolill Colcelledspejficlllvwit~ theClecl t'l igiiltecriiig and1L

f. dtsi' t aiiIiCai lgLeI i tics a: F1 Do1"t ri' iclh appll)iv6t'os ~ l
tai l it its , and t o a1d i L icat ion and ~k 1addu jonZ to t'xi St. ing1 f IeCr litres

14C repe)OAt herA Ie agin, jlis l ievery sýect io-n, that the purpose of this
r.tiona I15 t.o 1 pOesent. splec i il d's i ,j c r it eria bazsed p'i rinail iIy Ltn1 hio log i kalI
Safety Considerations, it is, not intvcnde~l to diupl.icate the fund of st-and-
ards rmid cr1iterial normall 115' bthe arehi t ctniee. Iloweovc'

ýl Sll- zs~ti.0 t1 'of "Ot Derr~iCk Desrr~i Pioot 15'Osi not rel~itd to ,ately

Spcfiaios
A s d es crvi bed i 1. V 01U MteI 10 f(nr DO '! rik COnI I .'l~ ý-~i& V , 1 .ta-il

t ties, sukch as; labor-ato Oie.i,; I lot plantis, tvs t eChambler., , I i 1ilýI tu lue's,
01 ~it' areas,;, aii thers '1b0 1s- .aa xs'nti tOW crit-eria tha~t RllU t

t( fjcil lit its have inl co1Jmmon . Toio axo id vagueness, , anliy o I thle et-i t kr iaP are suite'd in' terms Of 1laboraitory llint lii is , bukt hIii SshOuld ho~t be talkenl

to iie"Aii thlat, thy aite not pett'lC IN' ;lv app1icable)k

14 i t hi eem excep t ions ,t ho to ýqu i tui cmtit pee' i ija I t o 0 ac-li t )' i'e of
f a C i Ii Ly 1ii C -not Cove red in t i1ii s; lmannau I

Teapp1 Leat ionl Ot thIe Cii tt'ria pre-sentedi' iioI-e to t I IL IL'deS i Ig I) iek
fac litL i v'S gener al1ly w i I e 1 , t toJý igIht for1odd. Ilo w cvt'e r mani y projec t s

i n vol vQ t Jve c oniv ersJ oKin ori m o d; itek-a Li i on I %1 ei st insI f-Iel-Ii t ite s . .S;InIceC

t Ies Z e fiel 0 t i s we it un ii CI-01)L1 t t ieU It hVe i'ec' n1L chIn~g( s' in t h1 C1i it v r i-a
ba se d onl to clutucal hinuovo t i ens or ope tot in g x-perii ce.c As, a- rt stilIt ,i t

mpor 'ntf orI tIn' de i s'n r Io)f s ne hi mod Lifi oa1t i onls t o ext, r C is id z in tit1 nd 1 1e-,ibi Li t y i t opplly )itig t lie nlew eti teCVn3d Some ot Il lii' Ollt~t i A I
p r ob 1 tins w ill b e it so0I Olvcby t In' S peit ie C.onot I d ScotS Ollt 0 okt i I the
individalM project orI)V ohrgiaiepzvdAb h oem

C. Orlgan izo-.t ionl of Seet ionl 5

1'1,l'li a i-i llo. I thtri ,ftLit isl se Ii d i \'jdec int o a1 L11 'e liiu~lq' Iw of

sub -seCtC inU-ns. hlow1eV k tm,nest Ilk Sf in' 'c i A Ii keCItex 10 aris i og. -i' oliet- c-

i Co' I ca atc t y ' conS id e rIA t innsjjý wi ll be ýlound i 1 t.ur ,Ie ' 0 1 ! Ci ý1i tin
I 'Lt11 t ItV ti 0violt. app1) i c atL ien o.,;IalIar - tipwlit ,an liti5' I laS n 1 'o-us0
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bE~lC C~ IE~lA5-00 c

(~ltttC1 :,e~j'.Ttes '1h ic lit. vely laige , il-ot at- Oth ed u
Se~ik is; C011Cera~d ~4i Fort tLot. icir DL j.,l tct it', 10t. rc Lat ed ILI

5-01 I'OWER DlSThIUUTIt)N

A. SVC 5-114, FOtt Dtxit-,%k Vei)n 11rwtiiccs.j

5-02 POWE*R AND LICHlUING

A. IDistrib ihut atPyne Is: Separate powe r anJ 1QW WSWALLO i g6is lau o nut.-

Will 1hi p rovided fo r cent am ma LoU aid noýL.'- con tamuia ted .ieVt'.a

B. c.onduit and WiciLig

-1. Condu it. shiallI be of th< rigidi ,vtoel hot -dippt.J ;alvaninzzd or:
she rardized type, btit only one typo sh'la liIbe used ill a'." gP vt a 1sild iln'

2 . COnduI it. i n contamiininated a rea s s ha I bv anu expsed

3. To prtvent- the spread of£ in feet ioks ag8ents throuoh openin gs,* cvn-
Aý du i t P 15s illg thr1OUgh the wa I I ald/ker. fl101otr from a1 conlC31jina ttN1 J rita to. a

tiot-cota..jnjed ttext, or bet we.M.l areaOs of (tt tel rent ivevtizý ki' kltomit Jwt

t iOn Shall1 be ZSea ld 0on the co1t a~ui t clk' -uidc. In no cai'4k. ý;ha 1 1e seal-
ing f itt ing he far~lt:- h L hani IS inchecs £ rai thle diVis i cud point, andt th1CLIO
shall bie no other fit:Li ngt3 bet ween t he -~i1igfit Viiwv, and t01i div is i oila
p10inlt . Seallinge fit t irigs shIall Qe type EYS or ULS ns iiw :ýi Ec-11Qr.C
compouz~d and shlldi be ga st i gJt . Sea li g a round kco-:'idi its ;Ikal l be doiio in

* accordanice iAth1 det-ails show~n onl Plates No, 1.10, 1.1/, 1.11), and I.20.
AllI sea Is Wh1l 1be ins ta I Led at a lcti Onl VIL ad i ly a CeOS S it) 1c 01 L17iT -IP

t ion admiilna jut t'wt

a. ScnŽ also 1-03, ARCHILIECAIRAL..

4. To avoid Ic rev i ces that migh ie~iV Mit hu i. 1dcjji eeOf uilVin n

to rolikte Vav.ofpaitil"' ýlldvlaiinc" Con'duiit shoUld nlever be wount ed
dilect ly ag'ains't a N"all or ceililniV.

a . Plate No . 3.2 indlicates required sp-ciý ingbetveen condUit alid
waill, between aqdj aceu t otuinitN, and m t hod at -Sipport,. inc ld imp the Use,
of caulking, compotind to fills, irrvegtlar itics.

h. 1Whork sutiac-mnouut ed out let boxe,,: aike used, a biologic ~1!
Sealing comlpound (see 1-06 A, ARGUIiTEFU1RAI) -sha1 I be u~sed (%or fillinjg
joint.- betlwkeen boxe-ýs and 'wall 'Ir filce.

C. I .tn':Aw"'ptcd Icce ly of I I Iimlillnut ionl

jL 1. See 5-1M 1, Fotil Dctriek Desig.n Pcoct ices.



v',:K. D~i: rRiCK ELECTRICA;.

1).'; 1N 0C.I E ( IxI 5-02 D

I. Fluorescent lightiLug •h,:1 be provided throughout all buildings,
except where vap.r-t ,ghinoss or other special req"uirements must be vret,
as i-pecified below. Fluorescent lights .liall ie the co:rauerciai type with
louvers or lenses.

2. Re-essed fixtures shall not be installed in contatuinated areas.
If surface-ri ourLted lighting has to bhe used,. a biological. seallng corpound
shall be used for tilling joints between fixture and ceiling surface,

3. light Cixtures and all wiring components including outlets,

s,4itcles, and receptacies installed in areas of "high humidity" shall be
vapor-prooi. Conduits to walk-in refrigerators and incubators shall be
sealed in accordance with the National Electric Code Article 300-6 (a).

4. Suitable waterproof tixtures shall be provides in all, animal

rooms and elsewhere where routine operations requtire washing walls a,.,d

ceilings.

5. See also 5-14 F, Fort Detrick Design Practices.

6. One unswitched fluorescent light shall be provided at each
vaulL area.

7. One-third of the attic, utility area, and basement lights shall

be unswitched and fed directly from panel breakers.

E. Receptacles

1. All areas (both contaminated and non-contaminated) shall have con-
venience outlets, which shall be duplex parallel bLade, 3-wire, U-ground,

115-volt, ?0-amrpere, specification grade.

2. No floor-type cunve-ience outlets sha.!1 be installed in
contaminated areas.

3. At least one 2-gang, water-tight 115-v a.c. outlet is required in
each walk-in incubator and refrigerator to supply power for s.hakers,
stirrers, and motors. A cut-off switch and red pilot shall he provided

outside the refrigerator or incubator on a nearby wall, properly labeled,
for all such electrical outlets.

4. At least one 208-v, 2-vire polarized outlet shall he installed in
each laboratory.

F. Groundinf,

I. lor special process equipment specific instructions will be
issued where required.

2. For general grounding provisions, see 5-14 G, Fort Detrick Design
Practices.
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5.6



FORT UbIRICK ELECTRICAl.

I)ESICN CRITERIA 5-03
I-

5-03 ULTRAVIOLET REQUIREMENTS

A. General: In certain specific applications, germicidal ultraviolet
(U.V.) radreztion• is an effective means of decontaminating air and surfaces.
However, U.V. radiation has no penetrating power, and effective use of
U.V. requires an exact understanding of its limitatiutis. Proper intensity,
exposure time, and maintenance of equipment are critical. (See Appendix B
for discussion of decontaminat ion methods.)

B. U.V. Applications

1. Personnel air locks shall have U.V. door barriers at the contamina-
ted end preferably inside the airlock, and U.V. ceiling-moutited or suspend-
ed fixtures inside, as illustrated on Plates No. 1.6, 1.7, 1.8, and 5.1
(see also 1-01 E, ARCHITECTURAL).

2. Elevators shall have U.V. barriers installed in the shaft at all
_andings. It, the event of bi-parLing elevator doors, the horizontal over-
L.ad fix,-ure may be omitted from the bariicr.

3. Dumbwaiters shall have wall mounted U.V. installations over the
service openings; and these shall be shielded by "Alzak" aluminum reflec-
tors, or approved equal. to protect pý-rsonnel and to coneenttrare the

,irradiation down over the opening.

4. Contaminated change rooms shall bave a U.V. air lock between the
contaminated and non-contaminated areas.

Fur. U.V. :hoe rack and discarded clothing rack, see I--01 D,
ARCHITECTURAL ai.d Plates No. 1i2, 1.4 and i.5.

5. Walk-in refrigerators and iucubators shall have U.V. coiling units
fox direct irradiation. Walk-in refrigerators shall hIave w3tertight U.V.
fixtures.

6. Some laboratories will require U.V. ceiling installations, wheL,
specifil by the Government, )

7. Passages between contaminated areas may have, in addition to door 4
* ,arriers, U.V. ceiling units to aid ii, controlling the passage of in-
fectious agents.

&. For use of U.V. chambers for paper pas-through, etc. see 1-02 B.4,
ARCHITECTURAL.

9. Laboratory equipMIuent such as Class 1 and Class III cabinets may
require built-in U.V. installations (sce 5-04).

2/66
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".Rti' n ETrR'CK ELECTRICAL
,-:I".siG,ý cRITERIA 5-03 C

C. Approved U.V. Components '.
1. To reduce stray radiation hazard to personnel, protective louvers

are required on all fixtures mounted in door barriers and at other loca-
tions specified by the Government (see Fort Detrick Drawing F-93-I-7651
and Plate 5.1).

2. Generally, cold cathode type germicidal lamps are preferred
because of their greater life and resultant economy. Hot cathode lamps
shall be used only where space limitations for U.V. fixtures are imposed
by equipment design.

3. Cold cathode watertight fixtures shall conform to Fort Detrick
Drawing F-93-1-7651.

4. IUA. fixtures of the hot cathode type installed in safety cabinets
and on animal cage racks shall be the fixture shown on Fort Detrick
Drawing F-93-1-7551.

5. See also 5-14 1i, Fort Detrick Design Practices.

D. U.V. Installation Specifications

o 1. Each U.V. installation shall have a separate local switch and a
1½-inch-diameter blue jeweled warning light mounted with switch plate
distinct from other lighting switch plates.

2. Door barrier switches and warning lights shall be mounted
according to Plate 1.6.

3. Caution signs will be furnished and installed by the Government
at appropriate and conspicuous places at each U.V. installation.

4. The design of ultraviolut tll nwill be rnvteu.ed by theF
Government for adequacy and safety. Field tests with mock-up installa-
tions may be r quired prior to acceptance of new designs.

.......- 5. --Ultraviolet X•clri rathorde tvyp.)..barrier sh-all be installed
around the door in the air lock at the contaminated side (see Type A .
arid B air locks, Plates 1.6 and 5.1). The ultraviolet door barrier shall
Lutilize Westinghouse cold cathode fixtures, type SB-30, or the watertight

2! cold cathode fixture shown oni Fort Detrick drawing F-93-1-7651, either one
complete with "Alzak" reflectors and louvers shown on the same set of
drawings. Cold cathode tubes shall be Westinghouse type, 782L-30, or
approved equal. Door barriers shall be protected by a continuous metal
shield capable of withstanding damage from carts, fabricated preferably
from sheet steel, finished on the interior with aluminumr paint, sized to
contain the necessary q',oinLit>y of U.V. aniiturr, aid r;cCurely fIiste-lcCd. to
the wall. The ultraviolet source should be placed back irom the door
opening edge to assure cut-off of stray irradiation. Stray irradiation
shall not exceed the boundary over 2 feet beyond either side of the door
on the centerline of door opening.
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A tCotal flux of 250 iicrCwOatts per s.q . cm. at the I) ujt three (3) fee.t

above the floor level in the center of the doorway is required, The total
flux is obtained by ;adding the it ensit iCs falling upon a surface from
three (3) directions: from above, from the left bide, and from the right
side.

6. Ultraviolet (cold cathode type) inside the air lock shall be
mounted overhead. The fixtuue shall be the same as specified in paragraph
5-03 D.5. For ceilinigs of 8 to 9% fe'et in height., fixtures shalf be
mounted on the ceiling irradiating downward. For ceilings over 9½ feet
high, the fixtures shall be hung back-to-back eight (8) feet from floor
level. For air locks not over 12 feet long, one ceihllng mounted or one
back-to-back unit shall be installed for each 30 to 40 square feet of floor
area. Air locks over 12 feet long shall have one U.V. ceiling unit for
each 40 to 50 square feet of floor area.

7. Bare ultraviolet to irradiate the whole room shall be installed in
walk-in refrigerators and incubators in infuectious units, with an outside
control and waruig light. The material requituLiOLs are the same as for
airlocks. For refrigerators and incubators with less than 50 square feet
area, use one cold cathode lamp and for 50 to 200 square feet area, use
two cold cathode lamps. Fixtures shall be ceiling mounted and located to
satisfy the following codtio-s;

a. Each lamp shall be.: at Ic,; 2 feet away from tht, nearust
storage shelf.

does b. Fixtures shall be placed so that cold or warm air from blowers
does not strike the lamps. It necessary, shields may he installed to pro--
tect the lamp.

8. Bare ultraviolet is suggested for some laboratorics where it is
especially desirable to control non--specific molds; and bacteria; e.g.
whe..r. bacter_,ial " lturfg1,tied_ Outside cottrol and warning
light shall be used. The material rcquirewelrt'a are the sawe as for air-
locks, excpLt that, in ccrtain cases, reflectors may he desired, One
back-to-back double fixture shall be installed for each 75 to 100 square
1 .ct rf f leer r. er, a.-.l_ ronjais snub assterile media preparation rooms '

may require additional fixtures. I!

-A 9. Many special uses for ultraviolet radiation in bacteriological
laboratories are conceivable. Each use will necessitate special consid-,ra-
tion as to design of installation, type of bulb and inteusittieS. required,
Drawings, or information from the drawings, of specialized equipment re-
quiring U-V. can be made availainlc to the contractor by the Government..

A listing of special laboruatory equipment electrical requirement s inu:ludiug
U,V, flIlows in 5-04. All U.V. insttallations ate subject to review and
approval of the Gowrveiment-

2/66 ___________
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5-04 t adMu eRnY EQUaPmurda5
A. Ylectrical Requirements of Specialized Eguipmenkt

1. Biological safety cabinets Clas-s I and laminar airflow require j!

115-v services. A separate circuit is required for each of the following:
fluorescent lights, Al..V. lights, and receptacle.i

2. Biological safety cabinet, Class III: same as Class I and laminar
airflow requirements, except that requirement for U.V. shall be at theopti~ii of the Government. •

3. Autopsy cabinet: same as Class I and laminar airflow.

4. Cage servi.ce cabinet: same as Class I and laminar airflow.

5, Radiological hood: requires 115-v services, a separate circuit for
the light and built-irk receptacle, and a separate circuit for the fan motor.

6. Steam-heated sterilizer: requires 115-v service at the sterilizer
S~for controlI.

o 7. Aonit-l cage rack, Plates 4.7 a[id 4.9, require rwatertight duplex

(2wail outlets for tUrV.

8, Elec ric air incinerators for exhaust air decontamination: may have

a 15- to 20-4w load, and shall be designed for 440-v, 3-phase operation.

9. Transfer air lock: requires 115-v service for one 15-watt U.V.
lamp.

10. Fume hood: requires 115-v service for lights, and in some cases
requires 315-v or 208-v service for fan motors, all to be ezplosion-proof.

II. U,V. chamher: for sterilization of papers, small itemsc, etc.
requires 115-v service. See Fort Derrick Drawing F-93-1-6714.

. ...... -B -Salet •Cabinet Wi.l-Ive: tfI Cabla nhhall be.uswl for wiring into and
inside safety cabinets, to provent leakage back through the cable.

I. Design of the electrical penetration is covered in the "Biological
Safety Cabinets" catalog, see 4-01 r.2, EQUIPMENT.

C. In desigTi or modification to existing buildings, installed voltage

characteristics shall, govern vnltagc solections.

D. See also 5-14, i.rt Derrick Dlosigr Practices.

( 5-05 NISCELLANEOUS EL?(;-RCA L SPECTAI.TIES

A. Heating and Venhti ]tLg

1. The, b, uilding nir supply fans fur contauinated areas shall be inter-
4170 ___,_
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locked with the exhaust fans, so that when Lhe exhaust fans fail, the
supply fans will be automatically shut down, See also 2-11, HV&AC.

2. For exhaust fan shut-off switch, see 5-08 D.4.

B. Piping: Solenoid valves, float switches, and pressure switches in proc-

uss work shall he provided for 115 volts.

C. Electrical

1. Household type refrigerators slill have the interior light switch
and thermostat removed and the controls mounted outside the refrigerator.

2. Electric clock outlets shall be provided in contaminated corridors

but in no other caontaminated areas.

1). See also 5-14, Fort Detrick Design Practices.

5-06 EXPLOSION-PROOF AREAS, 1iAZA.1WOUS LOCAT] ON

A. Conductive Fiooring: In crntaminated area, see 1-05 C.7, ARCHITECTURAL.

B. C.ner.l -Ren-rompnt. : See 5-14 K, Fort Detrick Design Practices.

C. Dry Powders: The handling of dry powders in pilot plant work, munitions
filling, etc. may introduce the need for special grounding meihods on

specialized equipment. Guidance will be provided by the Government.

. 5-07 STANDBY ELECTRICAL SERVICES

•. ' A. Emergency' Lighiti

A. . Tympee: Units shall be of the wet battery, sealbeam flood type.

2. Starting and Duration

a. Units shall provide instant light when power fails.

b. Duration shall be one hour minimum.

-IK •"3. Location: Lighting shall be provided in the following locations:

a. Corridors.

b. Stairways.

c. Attics, Lascments, and other equipment rooms.

d. Other as directed.

2/66
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s. Emer,,ncc_ Power

1. Starting and Duration

a. Lnergency power shall start within 2 minutes of failure.

b. Duration shall be 36 hours minimum.
13

c. Exception: see 5-14 L.2a, Fire Detection and Alarm System.

2. Location

a. All animal rooms with ventilated cages will require emergency
power within 15 minutes for cage ventilation.

b. Some refrigerators, incubators, and special equipment as
specified by the Government.

c. Sump pump in basement.

d. Provide emergency power for 20% of all corridor, stairway,
and change area lights.

3. Automatic Timers: All 440-volt, 3-phase, non-automatic starting
equipment shall be re-started after power interruption in sequence, by
means of cyclic timers.

5-08 FIRE DETECTION AND AIARM SYSTEM

A. Criteria for Us.. See 3-05 D, PIPING and AR 420-90, Change 1.

B. Signal Transmitters: See 5-14 L.2, Fort Detrick Design Practices.

C. Detection Devices: All fire detector thermostats shall be of a fixed
temperature or a combination fixed temperature" rate-of-rise type, and
shall be of a type listed for use in hazardous locations (Class I and
Class 1I), such as "Detect-a-Fire" Type 7020, manufacLured by Fenwal,

---- Inc.-or -approved -equal.---Care -halll bu tken to -avoid placing-the thermo- .
stats over sterilizers o': other hot spots unless the thermostat is set at
a higher temperature.

)D. Ventilation and Alarm Controls

1. Conncctions to the fire calarm in the central firehouse will be
made by the Coy'•rnnient.

2. A suitable number of alhrins shall be installed throughout. each
building. Cenerally, 8-inch vibiLatiflg bells shall bc installed iin
corridors. Four-inch or 6-inch bells may be ,,ued in simaller spaces
separated from main areas, stich as attics and utility rooms.

4;7u _ _
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3. A key operated switch shallI be provided to silence all building

fire alarm be-lls an'd shiall. be locaL.ed adjacent to tile fire alarm control

4. A switch to shut off the bUil~ding ventilation exhaust fans in caseI
of fire shall be mounted outiide the building, usu~ally near the uitility
room vxterior entrance. The switch shiall, he enclosed ini a wearlherproof
mnetal box, painted red, and shall operate a relay with normally closed
contracts.

a. See also 2-11, IIV&AC.

E. Specifications for Installation

1. Conduit shall be installed in accordanice with 5-02 B.

2. See also 5-14 L.3, Fort Detrick Design Practices.

F. Fire Sprinklers: See 3-U5, PIPING.

5-09 OTHER ALARM SYSTEMS

A. Biological Spill Alarm Systecm

1. General: The biological spill alocm system is; provided in large
laboratory buildings to keep personnel away from the contaminated area
until thle spill has been cleaned uip.

2. Detection: The alarm is initiated by manual, push-buttons which
ac tuate (separately) a coded tone signal and a lighlt

pd3. Zoniing: Tile building is divided into a number of zonies, each (vquLp)-

pdwith a number of push-buttmis connected to tho warniug horns. Anly
rpush-hu"to n c u:atcs -all the bhnrs with the coded 6ignal for thle given
zone. There are a niumber of lighits in each z-One, cnch separately actuated
by its owun manual switch co localize thle spill indication.

4. Conduit: -Conduit shall be installed ill aLCkuLdjaCe With 5-61-1B.

B. Post-Wide Alarm S'Tstem *
1. ILLLj Coaditions: The post-wide alarm systew consists of

supervisory devices to detect off-normal operation of various types. 1t
is triggered when t~he following conditions occulr:

a. Fowlr failureý.

b. Flicme failure.

( c. PAressuirc failure,

5.13
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d. Explosive or toxic gas hazards.

e, Temperature failu-e.

f. Flow failure.

g. Conductivity failure.

h. Motion failure.

i. Light transmission low or high.

J. Level high or low.

k. Supervise any type of operation in: Process, laboratory, or
"in any building on post.

2. Circuits: The above devices shall be wired directly into either
single or combined circuits. Circuits shall be 110 V 60 cycle single phase

and be connected into either normally energized or deenergized devices as
the conditions demand at time of design. These devices are connected to
"local annunciator panel.

" C3. Local Annonctator Panel: An annunciator panel shall be installed in
an accessible location in cach building. It shall be 1,10 V 60 cycle and
designed to specifications of existing equipment (Panellit Model 50). All
-relays shall be hermetically sealed, and designed to work in the existing
iuteg-rated system. This annunciator sh ill include local alarm (horn or
buzzer 110 V 60 cycle).

4. Tie-lu to System: ihe annunciator panel shall be supplied with a
set of auxiliary contacts and those in tutrn connected to the cab].c of the
pos -wi l yste ,a . ..,,,, ,, ' LC,,......... -,.. t a cent,-a! annun cintor panel
in thewaste decontamination pla.t. Suitable lightning arrestocs and
proper grounding, procedures shall be observed, as in telephone work.

5. Conduit: Conduit shall be installed in accordance with 5-02 B.

C. Security Alarin System: Vo rvqu irceiiw-ti;, unless requested by the
6O0%l lll,er nmet.

5-10 CLOSED-CIRCUIT TELEVISION SYSTEM

A. General: A closed-circuit television s mstem i ay be requtred to permit
viewing of contaminated area from uon-conLamiri, ted areas.

B. .Scope: The contractor shall provide a conduit system, compl elc with

terminal cabinets fnd vu1 Ic[L boxes . Wiring, and coumicecors will be pru-
S"vided and installed by the Government.

12/66
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C. Outlet Locations

1, Containinated and non-colitarminlated cuitlerv, net roomas, t~o permit Jointt
conference. I

2. Others as specified.

D. Design Requirements

I. Conduit shall be installed in accordance with 5-02 B.

2. See also 5-14 M.2, Fort Detrick Design Practices. J
5-11 TELEPHONE SYSTEMS

A. Scope: The contractor shall provide only a telephone conduit system, .:
with £ishwire, Complete with tei'minal cabinets, necessary pull-boxes, and
ou tletv boxe s. 1-lns 1,7trict ation and wiiPiag will 1)0 provided by the
Government.

B. Required Locations: At least one (1) telephone capable of making and
receiving off-post calls shall be installed in each major- contawiuratcdcorridor and one in each main office in the contaminated area on each

(¾ floor of the building.

C. Other Design Requirements 0

1. Conduit shall be installed in accordance with 5-02 B

.1 2. See also 5-14 N.2, Fort Detrick Design PracLices.

5-12 INTERCOHMUNICATiON

A. General: Intercommunication systems are provided to permit communication
between the non-contaminated office and conaumiuated areas, between person-

*hnel in ventilated suits and other porsonnel, and for public address.

B. S : The coutractor shall provide au-intercommuniCation-cirtcuit
system, complete with terminal cabinets and outlet. boxes, similar to thet
telephone system described in sub-section 5-11, but also including wiring
and instruments.

" C. Outlet Locations: As specified by the Government, with consideration for
future requirements.

D. Design Requirements

1. Master stations shall be intercouununicuting.

S2/66
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2. Conduit sball be installed in accordance with 5-02 B

3. Outlets for ventilated suit couimauntcation shall be provided as
specified by the Government.

4. Consideration should be given to the installation of a public
address system in buildings with floor area exceeding 30,000 square feet.

5-13 LIGICNING PROTECTION

A. See 5-14 0, Fort Detrick Design Practices.

5-14 FORT DETRICK DESIGN PRACTICES

). A. Scope

1. This subsection contains criteria 'and design information not
related to biological safety considerations and is not intended to becomprehensive.

"B. Ceneral

"1. The post system voltages are as follows:

. a. Transmission: 34.5 kilovolt.s, 3-phase, 3-wire 60-cycle,

delta, with static wire.

b. Distribution: 4.16 kilovolts, 3-.phase, 4-wire wye grounded.

c. Utilization

(1) Secondary voltages for new construction shall be
"480 volts, 3-phase, 3-wire delta; 120/203 volts, 3-phase, 4-wire wye.

(2) In design of modifications to existing buildings
installed voltage characteristics shall govern selection.

-. . I.L general, the prirry -witch gear tramsformner and min seconda r-y-
switch gear shall be of the outdoor weatherproof type. Each building
shall have one load center for power and one for lighting. Power voltage

transfornu.tion shall be 4.16 kilovolts delta to 480 volts delta 3-phase,
"3-wire; lighting voltage transforn~ition shall be 4,160 volts delta to
120/208 volts wye, 3-phase, 4-wire.

4/70
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3. The systemn for each building shall Ihe similar to a modified single
raiija .

C. Standardization of Service Volt(age for Induct-ive Loads

1. Motors up to and including lihp. shall be rated at 115 volts,
bingle phase, 60 cycles.

2. In design of modifications to existing buildings, installed voltage
characteristics shall govern selection of motor voltages.

3. Motors 314 hp. and above shall be operated at 440 volts, 3 pha.
However, 50 lip. and above shall be of the reduced voltage start. In cas!;,
where standard commercial items up to 2 lip. are not readily available with
these vultage characteristics an exception may be considered.

4. Where 4160-volt motors are required, the 4.16 kilovolt motor
starters shall be high- intorruptinrg capacity control with current 1limit ing
fuses. Starters shall include surge pack.

D. Standardization of Service Voltages for Noni-Inductive Loads

1. For ovens, incubators, and sterilizers consuming more than 1600
watts, 208 volts, 220 volts or 440 volts single phase shall be used.

Above 4500 watts, 440 volts 3.-phase, 3-wire shiall be usod.

2. In design of modifications to existing buildings installed volt~age
characteristics shall govern selection.

r, E. Liphting and Power Distribittion Panels

1. The preferred method for controlling a number of motors shall be

of lAmp wac unllssmad for anticipated load grwhplus an amount---------

forunfrspanfut~r %euiemets asd o-isystem and building size anialysis.

1. Gnerl lghtng ystes wll ormllybe dcsigncid for use with
fluoescet liht surce andshal be ayedoutto si ihigfxue
and ighingequpmet uingthe48-inc, T12,40-watt, rapid start type

of lmp nles te prtiula jo urspeialrequirements dictate otherwise.

2. Acceptable Minimum Levels of Illumination (Special Areas)

Lnhorator ic . .. ............................ 75 Foot Candles

2.t Walk-in refrigerators and incubators ... 30 Foot. Candles

2/6t_________________________ __________________
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Non-contaminated aniral holding roor.s 50 foot-cand.les

Contaminated animal holding roons . . . 75 foot-candles

Air locks ........ ........ 20 foot-candles

G_ Grounding

1. Grounding shall be in strict accordance with applicable sections
of the National Electric Code.

2. A grounding conductor shall be run to all load centers, switch-
gear, distribution panels, major junction and pull boxes, lighLing
panels, and all equipment served by primary voltage.

H. Ultraviolet Requirements

1 . See also 5-03.

7 2. Approved U.V. Components

a. Cold cathode lamps and fixtures shall be Westinghouse
"" Steri- lamps" 7i2L-30 with either the WesiAngous a Ly.C 0 r3 fixtu e
for nonwatertight applications or the watertight fixture shown on( '• Fort Detrick Drawing F-93-1-7651. Low ozone output lamps are reCuired.

b. Not cathode lamps and fixtures shall be the GlST8 "Steri-
lamps" used in the watertight hot cathode fixture shown on Fort Detrick
Drawing F-93-1-7551.

c. "A lzak" aluminum reflectors for fixtures (a) and (b) shown
-' on Fort Detrick Drawings F-93-1-7651 and F-93-1-7551 respectively shall

be used.

d. Protective louvers shall be installed on all door barrier
fixtures.

--------- •J _.L boratorv F.uipmei t . . .. . . .._

I. See also 5-04.

a 2. Equipment and areas in which flanutable materials are to be used N

or stored shall be provided with explosion-proof fixtures and devices,
and installed in accordance with National Electric Code.

3. Laboratory tables shall be provided with 115-v service to built-
in convenience outlets, and these shall be supplied with approved grounded
receptacles. Specific requirem-onts of this type of equipment shall bp
obtained from manufacturers' catalogs.

J. Mis::ellaneous Electrical S~pecialties

1. See also 5-05.
4/70 1 5
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2. I haLing and Ventilation

a. Thermostats shall be lint-voltage load-rated type,. vwerever
possible, to preclude the necessity of auxiliary contactors for operating

the controlled loads.

b. Solenoid valves for small refrigeration units shall be operat-

ed on the service voltage supplied to the compressor unit and thermostats.

c. Oil and gas flane monitoring controls shall be 110 V, 60 cycle,

grounded type only. (Circular 420-9 D.A. dated April 5, 1965.)

3. Electrical

a. Warning signs for high voltage hazards will be provided by

the Government and installed by the contractor, except that contractor
shall paint or otherwise provide marking of "4160 V" where applicable on

exposed conduit in the manner directed by approved standard.

b. All circuit breakers shall have current capacity marked on

handl.es, or on panel face beneath handles.

4lcctric Mot•rs: Integral horsepower motors shall be factory

equipped with prelubricated and sealed hearings similar and approved equal

to such used in the Westinghouse Life-Line maotor. Exception: Specialized
applications, which call for extremnely high ý,pecds, large shaft diameter, {

heavy rotor or armature loads, or other duties beyond manufacturer's
,, r ec emma nnd a t ions.

a. All three phase motor starters shall have an overload in each
,i: leg.

K. Explosion-Proof Areas, Hazardous Location

1. See also 5-06.

2. Sco.e: The requirements of the National Electrical Code (Art.500)

. hallbestrictl observed within the scope of these requirements; the
areas of concern shall be considered as Class 1,_-Group D.. . .. . . . .. .....

3. Wiring Methods" Shall be similar to Grouse-hinds types EZD, EYS,

" EZ5, ECD, GUAT, 'LF, CFS, CPII, CPS, or approved equal.

4. Exposed Parts: The exposed non-current-carrying wutal parts of

equipment such as frames or metal exteriors of motors, fixed or portable
lamps or appliances, lighting fixturcs, cabinets, cases, and conduit shall
be grounded as speciffied in Art. 250 of the N. E. Code.

5. bunding: Shall be accomplished by use of bonding jumpers with
proper fittings. -,

2166
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1-. Fire Dhtection and Alarm Systems

1. Se also 5-08.

2. Signal Transmitters

a. Automatic fire alarm system shall be a closed circuit type.
The system shall be operated from 115 volt, single phase, 60 cycle current,
through a rectifier with trickle-charged floating storage batteries to
operated the system under trouble conditions for a period of 60 hours.

b. Alarm transmitters shall. be of a type capable of transmitting
a coded signal over a McCulloh circuit. Signal shunting contacts shall be
provided to eliminate signal clashes between tiansmitters installed within
the same building. All transmitters shall be grouped in one location.

c. Manual stations shall be installed adjacent to emergency exits,
and at other appropriate locations.

d. Signal circuit shall be extended to an appropriate location on
the exterior of the building, in order that circuits may be connected to
the post fire alarm system without additional interior wir-ing,

4 3. Specifications for Installation

a. Alarm systems shall comply, in all respects not specifically
excepted, with applicable provisions of the standards of the National Board
of Fire Underwriters. Material shall be of a type approved by Underwriters
Laboratories, Inc., or other nationally recognized commercial or U. S.
Governme.nt testing laboratories.

b. The contractor shall ascertain that the fire detection and
alarm system is installed iLn accordance with trhe recornmended
practice, and to the satisfaction of the Government.

c. The source of supply for a building fire alarm system, or any
partbt-tie system; -biall Lu-directly fror 1,.-c 1:ghting lobd crnniter tr~ans-

former secondary through a suitable switch and ci-rcuit protection.

d. Where a fixed CO2 extinguisher system is to be installed, a
transiaitter shall be furnished and connected to the fire reporting building
system.

N. Closed-Circuit Television System

1. See also 5-10.

2. Design Requirements

2/66 a. Outlet boxes shall bc of the cast type with threaded hub, J
2/66
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SECTION 6

INSTRUMENTATION AND CONTROLS

6-00 INTRODUCTIION

A. Scope

S'This section is addressed primarily to those architect-engineering
personnel concerned specifically with the design of instrumentation and
controls for microbiological facilities at Fort Detrick. It applies to
new faiiis n o modfications and additions to existing facilities.

Wie repeat here again, as in every section, that the purpose of this
manual is to present special design criteria based primarily on biological
"safety considerations. It is not intended to duplicate the fund of stand-
ards and criteria normally possessed by the architect-engineer. |1owever,
a subi-section of FoiL Detrick Design Practices not related to safety cou-
siderations is given at the end of this section. In addition, Appendix A
lists a number of Fort Detrick Purchase Descriptions and Specifications.

As described in Volume 1, Fort Detrick contains a variety ot tacili-
ties, such as laboratories, pilot plants, test chamhers, filling lines,
storage areas and others,. This manual presents the criteria that all of
these facilities have in common. To avoid vagueness, many of the criteria
are stated in terms of laboratory buildings, huit this should not be takren
to mean that they are not generally applicable.

With some exceptions, the requirement-s peculiar to each type of
facility are not covered in Chis manual.

The application of the criteria presented here to the design of new
facilities generally will be straightforward. However, many projects in-
volve the conversion or modification of existing facilities. Since these
facilities were built there have been changes in the criteria, based on

' technical innovations or op•erating experience. As a resul, it, i is impor-

tant for the designer of such modifications to exercise judgment and
flexibility in applying the new c.riteria. Solme of the potential problems
will be resolved by the specific Contract Scope of Work for the individual
project or by other guidance provided by the Government.

C. Organizav.ion of Section 6

The remainder of this s'ctj.on is divided into the' following main sub-
sections;:

1, General* '2. Services

2/66
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B.luil~ding ventilation
4. Safety cabinetLs
5. Gpt'c in 1 rooý.m i d equipment
6. Fire detection anid alarm:1 sysetem
7, Process
S. For~t Detrick designi practices

6-01x CLENRAL

A. Safet~y Nealsurets II VInech inlstrumenVt installation consider~ation shaill. lie
giveni to t1e potenLtial application of eachi of the folltowing measuires for
promot-ing biological safety and inistrument relinhillicy:

1. litipltcatiou of Inistruments: Duplicate inst~ruments will be provided
wh~ee failure will const~itute a sakfety hazard or cause failulre of MI flX
perimon"It~al proc("ss.

2. 1Yail -Slle: iný case of powet. fatlut c, loso4A ntrmn air: pres-
sures1 et~c., die equipment wilt conivert to the safeb pusitioc..

3. Triansducers: Instrumient sensin~g lines! conniected to contami~nated
equipment or spaces shal ut he conniected directLly to local or ren'ocv
control paniels withiout interposing at biologically safe transdlucer,

4. Pcenotx, Contlrol or Shut -Olf: I'oLi exaimple, sevu 5-18 D. 4, ELECTRIC.AL.

S. lvi;e:oto~ Alar:ms:- See 5-09 11 VEUCTR1CAL,

6. AFuai o: or indicatingy ma 1 tune tions orI localizing son ccc of
tr-ouble. Foi caxzvple, see 5-09 A and 5-09 Bt, ELE.CTRLCAL.

B3. Ins cru'l.2n 'Eli. Te inls Utrinent oat inn u-sed for cont rol systems t hroughi-
OULVlL faJPi.v $1I.A, bte il" getp 1 of Ov' nnicumu ' i"'Lyv-1tow *Ie

dcc toni ,v le.r ialor- bydrauttic syst;ems mlay he conisider-ed for a NPe -

Ci~f ic ax:)pl -ic Ot :08 if a super ~ro system wiLl resullt, froml their list,.

C. Ca1Wra L ;:inCtumelxls used to obtain exper iniucual data shia 1. be
cal ibrac '&2d by cuprugwith st~andar:ds w~hxichi are trnlct'ah It'1 and it-e ad to
authuot .t it ive ,I~r. tcnadsm&1J suchI as, t1S hos .t-mitallioud by the Nat toia 1
Bureaui of .Itad . A certificat ion document of cal that ion shallt be
supplied withvucad 1instrument. ComupIaiik onc w iLIt n1 pect I fticaitL ion Mi l -C- 45 0662

U. utorials

1. Mat (rir11 o[ Const meikt i on

Ins rumeoit.a itin uised In- tilt' cont~amiial ed port mu of &e 1111ii i iug
1may fall Into one of two cterir.Thu I ivst si Inat ion is one iin whichi
the Set;s inj; or o-.perotxional dcV1xc is locateLd Iin coa a~UMlinat 'd(k filea but. thet
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control instrument or recorder is in a loss-contaminated area. Yhe
Oecond situation is where both the sensing or operation device and the
control instrument or recorder are in the same contaminated area.

Instruments or controls in the contaminated area shall be
fabricated as far as practical of corrosion-resistant material capable
of withstanding a variety of decontaminating solutions (see Appendix 1)-
instruments in contact with agents shall be constructed of material non-
toxic to agent material.

2. in: Pneumatic interconnections shall be made with copper
tubing as called for in the piping specifications (see Appendix C). The
use of non-flaumnable plastic tubing for instrument connections shall not
be permitted but plastic coated copper tubing may be used in areas where
decontaminants may attack copper. AlU tubing passing through walls or
floors between a contaminated and non-contaminated area or between areas
of different levels of contamination shall make this penetration via
bulkhead fittings mnounLud and gazketed to steel plates set in the floor
or wall. See Plate No. 1.17.

Un 4 3 Panelboards: Panelboards in contaminated areas shall be of the
. free standing fully enclosed type furnished with fully gasketed doors

hung wih full-length piano hinges. All instruments shall be providedwith gasc'eted transparent covers. In addition, a gasket shall be provided

"beuwafc the instrument bezel and the face of the panel. The panel shall
be coustvucted of sheet steel with all joints welded and ground smooth.
"Z ,y air at W7F dewpoint shall be used to purge the interior of cabinets
and instruinerts installed in corrosive atmospheres.

C'f

AlI metallic surfaces shall be painted to protect against
corrosion fiom decontaminating solutions. In pilot plant and other areas
where highe;r levels of contamination may exist, the use of stainless
steel shoutd be considered.

4. Wirinj : All instrument and control wiring shall be in rigid
conduit or mineral-filled cable. All conduit passing through a wall or
floor between a non-contaminated and a contaminated area or between areas
of differenit levels of contamitnation shall be sealed internally as
specified in 5-02 B.3, ELECTRICAL. Scaling around conduits shall also

4 be as specified In 5-02 B.4. Entrance of instrument wiring into[ i: Class III cabinets shall be with inneral-filled cable and compression
AL I fittings to provide gastightness.

E. installation: All instruments and controls shall be installed in such
a tashion as to avpid crevices, cracks, and pockets. Cond.it runs and
instrument tubing shall be mounted off the wall as shown in Plate No.
3.2 to promote ease of v 1 ut tug :md clatu.

LA F. Instrument Air Supply ()*A): $.Se. Section 3-02 M, I'PING, for dctails
"on the instrument air system.

3!
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6-02 SERVICES

A. Water Break Tank

1. Piping Arrangt~ment: See Plate No. 3.5 for details on the water

break tank used for the contaminated water service. The break tank make-
up valve shall be a self-operated mechanical linkage type with stainless
steel ball float. The valve shall have an inner pilot valve opecated by
the float to facilitate tight trouble-free shut-off when desired upper
level is attained. The break Lank shall be an atmospheric tank with
water supplied at the top to prevent backaiphoning.

"2. Controls: Water supply pump operation shall be controlled by a
cage type float switch externally mounted on the surge tank. Electrode
type level controls are not acceptable. The float switch shall start
the pump on surge tank low level and shut down the pump on high level.
The contaminated water (CC') system pressure shall be maintained at 50

.- 4 psig during use by means of bleeding compressed air (CA) to the tank
through a pressure regulating valve. This will insure a constant water
supply pressure for the building. A back pressura regulator shall
relieve the excess air pressure in the surge tank during filling
operations. An air pressure relief valve (vented to atmosphere) shall
be installed to prevent excessive prebutce IjI t..e tan.k. The tank shall
be equipped with a sight glass and a watcr pressure gage accurate to

Z5½ psi.

B. Back-Flow Preventer: A spring loaded ball type check valve may be used
as a back-flow preventer in the CCW water line branches to the Class III

Z, cabinets. The use of these valves will serve to isolate the Class III
cabinets from the laboratory bench top service water taps. A back-flow
preventer used on the building supply shall be specified in accordance
with "Cross-Connection Manual of Recommended Practices" by the Los

Angeles Dept. of Health. (See Plate No. 3.3)

C. Waste Collection System

1. Batch Treatment: See Section 3-04 I, PIPING for a description of

the system and the operational requirements for batch waste treatment
and Plate No. 3.7 for a diagram of the system. Operation is manual

: with the necessary alarms and interlocks provided.

".' II 2. Continuous Treatment: See Sectioui 3-04 I, PIPING for a description

of the system and the operational requirements for continuous waste treat-
ment and Plate No. 3.8 for a diagram of the system. Operation is auto-
matic.

3. Controls: The waste collection tanks shall be provided with level) ,
temperatture, and time cycle controls for operation of the system. If
requested by the Government, the control panel, withl suitable manual
by-pass controls, shall be located outside the waste collection treatment

• •, room.,

3j68 "
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IC this is done, su•table remote-oparated valves shall he provided for
the batch system in place of the manual valves shown in Plate No. 3.7.

a. Level: The hatch waste collection tanks shall be equipped
with a level recorder to inadicate the level of the tank contenta at all
times. The continuous system shall have a level recording controller
which will shut off the steam supply and the tank diccharge valve on low
level; it will close the tank fill line on high level and simultaneously
open the fill line for the spare tank. Both systems shall have a visible
and audible alarm activated on high level.

b. Temperature: The batch waste collection tanks shall he
equipped with a temperature recorder to show the temperatuwe of the
liquid in the tanks. The continuous system shall have a Temperature
recording controller which will modulate the 40 psig stean. supply to
maintain the required liquid operating temperature. The tank effluent
shut-off valve will close automatically and sound an alari,. if the
required tempt, rature is not ,aintained. Both systems shall be equipped
Vwith an indicating thermometer.

c. Pressure: Waste collection treatment vessels shall he pro-
vided with local as well as panel mounted pressure indicators. in no
case shall pipes or tubing connected to the waste collection tanks be

~ (. brought out of the tank area (see 6-01 A.3). Therefore, the control
panel gage shall receive its signal from a transmitter located on the
tank.

d. Timer. A timer shall be used for the batch operation to
I!-control the duration of the sterilization period. The timer should be

connected to the temperature recorder so in the event the waste liquid
temperature falls below the minimum operating temperature, the timer
will reset and not commence timing until the liquid temperature rises

again and exceeds the mifltmum operating tempexmature. On c,-p'atin of
the sterilization cycle a visual alarm shall light on the control panel.

e. Pressure Release: See 3-04 1.5, PIPING for details.

6-03 BUILDING VENTILATION

* IVentilation controls and instrumentation nive covered in Sectioni ] 2-11, 11M&AC.

6-04 SAFETY CABINETS

A. Prc:ssure c-age" Magnehelic type gages for indicotiug negative prc,-sure
shall be provided for cach isolated section of a cabinet system.

B. Pressure Switch: Each isolated cabinet section shall be provided with
an alarm device which indicates with a buzzer and light when the cabinet
internal pressure reaches -½" w.g. with respect to that of the room. Th2
buzzer shall. sound only when the condition cxisLts; hcever, the light
shall reumain lighted until manually extinguished.

3/68 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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C. Interlocks: Oni inldividual biological Safety Cilbinlet sy~stems using
spetcial1 initernal ciiv roinient, the nd ivi dual supply shall be int~erlocked
so that: it will. be non-functional un1less the cabinet exhakist is operating
prope:r ly. The interlockiing pressure switch Shall be s;eparate from the
alarm pressure switch called for in 11 above. See. Plate No. 6. 1 for a
typical. hook-up for special environmental atmospheres for Class IIl cabi-
nets. See Section 2-06, U[V&AC for details on the cabinet exhaust System.

D. Snjety Cabiniet Elevator: An elevator inistalled withini a Class III Safety
cbntshall be equtpped with a manually operated, momentary contact push-

bl~ttoi switch. Signal lights shall be provided to inidicate the upper and
* lower limits of tr~avel as well as the location of the car at all stops.

Switches used for determiniing the car position ,;hall be magnetic and mount-
edl on the extern~il portion of the elev~ator driveshaft. Position controls
shall be accurate to X " of the actual location.

E. Ventilation: See 2-1l F, IRV&AC.

6-05 SPECIAL ROOMS AND EQuiPMENT

IA. Animal Room.: Each animal room Shall have its own temperature and
ht~fimiiLy um.: o - yt- wl-.chi to be'2anua1 lvy Se :11-1d -111 he knfldLfec ted

by resetting action of master controll2r of the main buiilding system.

B. Flammniab le Mater ial Sturayc: 'Ele flalmmable st~olage venit il~tionl system
damiper and fan blhall be interlocked with the CO2 liro protection system s o
that the damper closes and the fan ceases operation when (he CO02 system1 is
activated. Sec also 1-03 J, ARCHI1TECTUR~AL.

C. Refrigerators

1. Contitol icr: Walk- in refrigerators shall have a temperature record -
~ng ontollr, et~~nai y onntd. The instrUilenti ,;hall have ai 12- inch

ci ceular chart recorder for twenity- four (24) hour oper'at ion. The u1ilt.
Cooler fans -;hall libe manually operated.

2. Alarm: The control 1cr shiall loe provided with contact s connected
to an alarm circuit to jindicate excessive refrigerat-or temperatures out-
-iido L-he control range (se5-09 B, ELECTRICAL).

3. ~3. Modification to Controls:, All free standinig refingerators shall
have the interior light Swi tch and thcrimostat removed anid the controls
mo1(unted uutside of the refrigerator.

D. Incubat ors

I . Cont ro -Hr: Ulalk-i a inlcubmturs shall have a wot aind dry builb
tt-elmpera turL' rvcordbing centirolle r ext ernaIlly moon Led. The I s mntshill( ~~havc it 12- inch circtilar chait t recorder: for twenty -fooc01 (24) hu pr io

2/66 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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2. Alarm: The controllvv shall be provided with contacts connected to
an alarm circuit to indicate unsuitable operating conditions outside the
control range (see 5-09 B, ELEC.TRICAL).

E. Air Incinerator

I. Application: See 2-06 D.7, IHV&AC.,4

2. Eectric Incinerator

a. An electric type incinerator shall be used to incinerate small
quantities of air (less than 100 cfm per unit) from Class III biological
cabinet systems,

b. Information on equipment design will be furnLshed by the
Government.

3. Combustion Incinerator

A combustion type incinerator shall be gas or oiL fired and is
used to incinerate large quantities of air from Class Ill biological cabi-
net svstems. aerosol chambers, waste collection treatment units, discharge
air from process equipmentý and any other unit which may discharge contalini-

nated air. A temperature recording controller shall be install.ed to insure
that a minimum of 550°F is ma i taiWed iii the air lcavin• the combustion
chamber to insure incineration of the bacterial agents in the air stream.

An alarm circuit shall be incorporated to indicatc any malfunction

in the fuel supply or low temperature operation.

- F. Steam Sterilizer

1. Temperature Recorder: AIL steam sterilizers shall be installed with

a temperature recorder to indicate tie temperature nd' urL..ation of t.,,
stcrilization cycle.

2. Automatic Cycle Timer: Sterilizers may be equipped with automatic
controls which control the sterilization cycle. Automatic controls are
normally not necc:ssary hut maiy be spe,,ified by the Covernmeni for specific(
applications.

' I3. Door Interlocks: Automatic door interlocks that pievent simulta- i
neous opening of both doors of double door sterilizers arc not required;
however, the sterilizers shall have interconnected door position indicator
lights.

G. Fume Ilood

1. Interlocks: The fume hood exhaust fan shall be shut off on stopping
of the building exhausL fan.

.2/66
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2. Differential Pressure Control: A differential pressure indicator of
the rmgnehelic type shall be installed across the fune hood bacterial
filter to indicate the filter pressure drop.

H. Ciasswire Washer and Cage Washer

1. Temperature Control: The glassware washers and cage washers shall
be provided with temperature recording controllers that will umaintain the
wash water in the wash tank at 180 F. The instruaent shall be a 6"
circular chart recorder for 7-day operation.

2. Interlock: There shall be no interlocks on the glassware washer
and cage washer hood fans. These fans shall operate continuously.

6-06 FIRE DETECTION AND ALARM SYSTEM

For details on the building fire detection and alarm system require-
ments see Section 5-08, ELECTRICAL.

6-07 PROCESS

A. Criteria: No special criteria are listed here for prucess instrumenta- -

tion and control. Specific requirements shall be furnished by the Govern-
ment. Process development control systems will rcquire system analysis.
A knowledge of the range of variables involved, the functional relation-
ship and the acceptable control rrecision will be required before starting
design of the instrumentation and control systems. These systems will
require coordination between the architect-engineer and the scientific

*• investigators to establish criteria and limiting parameters before the
design is initiated.

B. Computer: Instrumentation shall be designed for data output necessary
for direct process control, Whlen ruquested by the Government, considera-
tion shall be given to the selection of instrumentation equipment and
systems with data output signals that can be recorded on punch tape or
data cards compatible with the Fort Detrick digital computer.

4/70 __ _ _ _ _ _ _ _ ___ _ _ _ _ _ _
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CLOSSN.RY

Absolute Filter - see REPA.

Aerosol - a suspension of very fine particles of solid or liquid in air
or gas.

Agent - an infectious microorganism or toxin that is being handled
in the course of research, process development, or testing.

Air Incinerator - see "combustion air incinerator" and "electric air
incinerator."

Air Lock - an unventilated section of corridor isolated by aoors, used
to separate areas with different levels of contamination and ac
different air pressures, which permits passage of personnel and/
or equipment without air flow. See also "U.V. air lock."

Air-tight or Airtight - see "gastight."

Aircraft Grade Compound - a sealing compound used for sealing biological
safety cabinets and for other caulking uses where a gastighL
seal is required.

Animal Cage - container, generally metal but may be of plastic, either
autoclavable or disposable, designed for permanent Lousing of
(usually individual) animals; say be individually ventilased
or open to surrounding atmosphere. Used int both non-contaminated

vy- and contaminated areas.

Animal Cage Rack - stack of steel shelves, generally movable, used to
hold animal cages; sometimes equipped for U.V. irradiation and
sometimes provided with. exuiaus. m.nitld to accomtrmodate•
ventilated cages.

Animal Holding Room - room with suitable isolation criteria used to house
animals in cages before and after experimental use; may be in
non-contaminated or in contaminated areas. Used interchangeably

with "animal room."

Area - generally used in this manual to designate a portion of a building

at a given level of contamination, as set off from adjoining

portions of different contamination levels. Used somewhat
interchangeably with "space."

Array - see "cabinet array."

* •Attic - an important utility service area for the laboratories; containsSmuch service equipment, including the ventilation equipment.

r

41 7
G.1



S FORT DFTRICK VOLUME II
DESiGN CRITERIA GLOSSARY__

Autoclave - a chamber used for heat sterilization of materials and equip-
ment by direct exposure to steam under pressure. An autoclave
that has been modified to permit optional use of a gaseous
decontaminant instead of steam is generally referred to as a "gas
sterilizer" in this manual. See also "gas sterilizer."

Back Flow Preventer - a manufactured piping device of the type that has

two spring-loaded vertical check valves and one spring-loaded,.
diaphragm-activated differential pressure relief valve. It- is
installed in a water supply line to prevent reversal of water
flow in case the supply pressure falls below the downstream

pressure. See also "break tank" and "vacuum breaker'."

Bacterial Filter - used to remove microorganisms and other undesirable

' particulates from air or other gases. Includes "high-efficiency
filters" and hEPA as well as less efficient types.

Biological Filter - see "bacterial filter."

Biological Safety Cabinet, Class I - see "Class I biological safety
cabinet."

BiologicAl Safety .ab.. t, Cltss cla - see "Class III biological safety
cabinet."-

Biological Spill Alarm - a system provided in large infectious disease
buildings to warn building occupants that release of hazardous
material has occurred. Alarm switches are conveniently located
throughout the building and give a coded audible signal ana

... . actuate a warning light.

Biologically Separated - term applied to areas that are isolated from
each other by change rooms and shower.

Blowcase - see "waste collection treatment unit."

* Break Tank - a tank that provides an air space in a water supply line in
such a manner as to prevent reversal of water flow in case the
supply pressure falls below the doinstrcam pressure. It is
considered more positive than the back flow preventer or vacuum
"breaker.

Cabinet, Class I - see "Class I biological 5afety cabinet."

Cabinet, Class III - see "Class III biological safety cabinet."

Cabinet Array - a number of Class III biological safety cabinets joined
togetLher. An array i.iay be divid'2d into t.o Or more caI(iCL

* systems by gastight doors or fixed partitions.

41I70
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Cabinet System - a number of Class III biological safety cabinets joined f
to provide a single space with a single inlet and exhaust for
ventilation.

Cage - see "animal cage."

Cage Rsck - see "animal cage rack."

Carboxiclave - name previously given to an autoclave modified for use with
carbon dioxide - ethylene oxide gas mixture; see "gas sterilizer."

"Caulking - see "aircraft grade compound" and "construction grade compound."

Change Room(s) - grouping of dressing rooms, locker rooms, lavatories,
air lock, and showers to provide personnel access to and egress

I from conlaminated areas without allowing escape of contamination;
A• see also "clean change room" and "contaminated change room."

Class : Biological Safety Cabinet - a prefabricated ventilated enclosure•!that poieaphsclbarrier between aworker a'nd ahazaidous

operationn It may be used with an open front (or open glove
ports) and a high rate of ventilation away from the operator,
like a tume hood, or xdth a closed front drnd attached rubber
gloves. In the latter use, protection depends upon a negative

V, • . pressure maintained within the cabinet. The ventilation air

~ S exhausts through a high-efficiency filter.

Class II Biological Safety Cabinet - this designation i;s ro longer used.

Class III Area - see "ventilated suit area." I
Class III Biological Safety Cabinet - a prefabricated, gastight, ventilated I

enclosure maintained at, negative pressure, in wmiuch wu-k is done1i using attached rubber glove5, wtth VWPA filters on the inlet and
exhaust, and with provision for exhaust air incineration.

Clean - has been couunonly used in the pat. to mean "free of harmful micro-
t •'S."organisms," but has been replaced by "non-contaminated" (except

in the term "clean chanve room") to avoid possible confus; n with
"the special meaning (of being dust-free) given to "clean 'zoom"

Sor '"clean area" in the aerospace industry.

When used iil this manual "clean" has its ordinary meaning of
"unsol led," wit t out reference to microorganisms.

Clean Change Room - dressing room to•r removal of street clothes and
dunn ~lug{ (laboi'.a[ y• .dcliii hq l~e f[or,. ,iut e rig ctlamvIltc, ,'Iel, ngc
room through an air lock. (hiLs term is an exceptLion to the tse
of non-contaminated instead of clean.)

p

4/70 1



FORT DELRICK VOLUME T1
DESK5N CR!IERIA GLOSSARY

Clean Room - see "clean".

C'aan-to-Contaminated Axis - a hypothetical line along which there is
unidirectional flow of non-contaminated materials (including
ventilation air) toward, and of contaminated materials away
from, the contaminated work area.

Combustion Air Incinerator - a fuel-fired furnace for the sterilization
of contaminated air (or other gases), in which all gases will
have reached a minimum temperature of 550'F (measured at the

S.stack base) before being discharged. Used for larger capacities
than electric air incinerators.

Construction Grade Compound - a sealing compotind used for all exterior
and interior caulking, except where aircraft grade compound is
required (see "aircraft grade compound").

Contaminated - synonymous w.it.h "pn.tentially con taiinated", i. r., Any
material, equipment, person, or animal in a contaminated area
is considered to be contaminated with infectious microorganisms.

Contaminated Area - a building arca with def int bo hndarI e s where

hazardous biological work is being carried out, separated from
non-contaminated and other contaminated areas by suitable
barriers.

Coitaminated Change Room - dressing room for removal of laboratory-type
. r clothing before entering clean change room, through a mandatory

shower, to don street clothing.

Contaminated Service - a service or utility, such as water or vacuum,
'• .:.. .. which serves a contaminated area and is therefore segregated

.-rnom 5i4oillar nsrvices to non-contaminated areas, even though

the service itself is non-contaminated.

Contaminated Suite - a group of contaminated laboratory rooms that is

isolated from non-contaminated areas and other contaminated

areas by change rooms and U.V air locks.

. 2 Decontamination - the word. "decontamination" is a provincial term used

41 P at Fort Detrick to describe all sterilizing, disinfucting,
sanitizing, and washing procedures,

Decontamination Shower - see "disinfectant shower",

Deep-Bed Filter - common form of high-efficiency filter for low pressure
use in ventilation system.

Demand Factor - Per cent of total connected load (for utilities).

Diaphragm Valve - widely used in contaminated service because of zero
leakage at the stem (also referred to as "SaunderL valve").

3/68
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Disinfectant Shower - unit at exit from ventilated suit area in which
suit is externally decontaminated by mist or spray of disinfectant, Io
such as peracetic acid, before being removed. i.

Dirty - as used in this manual, generally means "contaminated," but the I
latter term is preferable.

"Dollinger Filter - see "pipe line filter."

Electric Air Incinerator - an electrically heated chamber for sterilizing I

contaminated air or other gases by heatintg it to a minimum
temperature of 575 F for 3 seconds. Generally used for smaller

,4 1 capacities than combustion air incinerators.

Exfiltration - (ventilation term) ductless flow of air from a space to I.'
. an adjoining space at lower pressure.

Filter - see "bacterial filtez."

Freon-tight - see "gastight."." -

Fretoclave - name previously given Lu awLL v.C... modified for . .,. with
Freon - ethylene oxide gas mixture; now called "gas sterilizer."

Gas Sterilizer - an autoclave that has been mcdified to permit optional
use of a gaseous decontamLnant instead of steam for sterilizing I=maerials, • -}_

"V 1 Gastight - free from leakage when subjected to the standard halogen * I
leak test, as defined in subsection 4-18, £Q'IIPNY.

Germfree - free of all microbial life detectable by examination.

Glove Box - see "Class III biolugicaL safety cabinet."

I Gravity Exhaust - (ventilation term) discharge of air, resulting only
from pressure differential, from a ventilated room to theI
outdoors through an exhaust duct.

IF-PA (Absolute) Filter - having a minimum efficiency of 99.97% when
tested with 0o3-micron DOP parctcles.

High-Efficiency Bacterial Filter - see "high-efficiency filter."

High-Efficiency Filter - having a nomirnal efficiency oi 95% for removal 7
of 1- to 5-micron particles from al. I

Hood Area - see "ventilated suit area."

Incinerator - see "combustion air incinerator," "electric. air incinerator,"
and "refuse incinerator."

Infectious Agent - see "agent."
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Infectious Microorganisms - as used in this manual, the term is restricted
to microorganisms infectious for man or domestic animals.

Infilrration - (ventilation term) ductless flow of air into a space from
an adjoining space at higher pressure.

* Laminar Airflow Safety Cabinet - a prefabricated ventilated enclosure pro-
vided with a vertical-flow recirculating air system and generally
operated as an open-front cabinet. This cabinet provides a sterile
work environment and is at leaýt as effective as the Class I cabinet

• -in preventing escape of airborne particulates from the cabinet.
Laminar Flow - straight-line, eddy-free flow, applied specifically to air

flow as a means of controlling spread of aerosols in the ventilation
.- of contaminated work areas. Employed in clean rooms, downflow rooms

"and crossilow rooms in the aerospace and pharmaceutical industries.

S t Mask - self-contained "gas mask" covering eyes, nose and mouth, in which

S inupirated air is purified by charcoal adsurptiuii and "absolute"
- ask Airfilter; see alse "'respirator." fo vnlt

paik Air - piped suppiy of conditioned air for puersonnel ventilated suits I
and hoods (sac ventilated suit). "iask alt" is a 1isnomer,
because face msiks and respirators use room air inspirated through
filters or charcoal canisters.

"Microorganisms - in this manual, whei not. qualifiad, refers to infectious 4

nmicroorgantsut.n

w4 Non-Contaminated Area - an area with definite boundaries designed to be
fiee of harmful microorganisms; same as "uncontaminated areas."
See also "clean,"

Non-Contaminated Change Ruuu- - see "clean change room.".

Particulate filter - see "baaterial filter."

Pass Box - a double-doored chamber arranged to permit tranifur of material
and equipment between two confined spaces of different contamination

Svel such as a safety cabinet and the room, two safety cabinet
F' systems, a room and a corridor, etc. May employ steam, g•s, U.V.

radiation, or liquid. as the decontamination agent. Sfe also
"autoclave," "U.V. pass box."

Pasteurization - heat treatment of a liquid under conditions of time and
temperature that will substantially reduce, but inot completely
eliminate, the population of ticroorganisms.

Pipe Line Filter - a high-efficiency filtfer, using a throw-away cartridge.
"of tiber glass filter medium, designed for sterf-lizttion under
pressure in an all-welded piping system; also reterred t.o as a

" .. "Dollinger liltet" (see ,lso '17ype 1 filter medium").

4/70
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Plenum - when not otherwise specified, refers to filter chamber upstream
of exhaust fan in the building ventilation system.

Post-Wide Alarm System - a system to detect abnormal operation of any
"critical or important mechanical device or system. Warning is

given at a building annunciator panel and at a central annuciator
"panel that is manned 24 hours a day.

Pressure-Tight - free from leakage in soap test at 44 in. w.g. pressure.

Process Piping - piping (other than waste piping) intended to carry
product or agent.

? Product - n~aterial that contains agent.

Receiving Room, Contaminated - an area for holding contaminated equipment
and materials until they can be sterilized and passed through
double-door autoclaves or gas sterilizers that open into the
non-contaminated receiving room.

Receiving Room, Uon-Contaminated - a service room generally at the rear
of the building that is maintained as a non-contaminated area.
Supplies delivered to the building are placed in the receiving
room before transfer through a UV air lock to the contaminated

reJeiving room.

AF* Refuse Incinerator - a fuel-fired furnace for the combustion of organic

wastes, in which all gases will have reached a minimum tempera-it ture of 1,350 F tefore discharge.
Respirator - a conventional device covering the nose and mouth, which

provides a filter for inspirated air.

Rodent-Proof . ..ncorporatng. .r rihbed structural and architectural

features in building design that prevent access or harboring of
rodents n.Pd other verr.in.

Safety Cabinet, Class I .- see "Class I biological safety cabinet.'

j Safety Cabinet, Class III - see "Class III biological safety cabinet."

N.Safety Shower - provided in chemical and radiological laboratories for4 same ftuiction as in conventional, non-biological laboratories.

Sealant - see "aircraft grade coýmpound" and "construction grade compound."

'- Service Piping - piping other than waate piping or process piping.

Shower - see "change room," "disinfectant shcmqer," and "safety shower."

Simulant - non-infectious microorganisms used Rs substitute for

infectious microorganisms in testing pr:ceases or effectiveness

4/70 of safety measures.
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" Speaking Diaphragm - plastic sheet installed in wall, door, or window to
• •.permit voice conwunication through barrier between areas of

[ different levels of contamination.

K Steam Seal - section of process piping between two valves, kept filled
-¼. with steam when not in use, to isolate an agent-containing

vessel or line from another process vessel or process line,
- *~from waste drain lines, etc.

Sterilization - complete destruction or inactivation of microorganisms.

"Sterilizer - see "autoclave."

V t Suit Area - see "ventilated suit area."

V ! Suite - see "contaminated suite."

.i•'. System - see "cabinet system."

Toxin - a metabolic product of microorganisms poisonous to man or animals.

* Type I Filter Medium - spun glass wool mat of 1.28-micron fibers used in
high-efficiency filter-.

Type II Filter Medium - spun glass wool mat of 2.54-micron fibers

generally used ahead of Type I medium in high-efficiency filter.

Ultra-High-Efficiency Filter - see HEPA.

At U.V. Air Lock - an air lock located between areas of different levels of

A contamination and air pressure. It provides a dead air space

for the transfer of personnel and/or equipment without air flow,
The interior is irradiated with U.V. and painted with aluminum
paint to give good U.V, reflectance (see also "air lock").

WUV. Clothing Discard Rack - a rack thatholds a standard laundry bag
"" and is protected at the top with a curtain of U.V. Clothing

r t worn in the contaminated laboratory is discarded into this laundry
bag in the contaminated change room.

U.V. Pass Box -- a pass box in which UV. radiation is used for surface
4y-. ji decontamination of material or equipment (see "pass box").

" UncontamInated - same as "non-contaminated."

4/70
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Vacuum Breaker - a device that is installed in a line or tank, where the
breaker is not subjected to a downstream back-pressure, to pre-
vent reversal of flow in case of accidental occurrence of an
upstream suction.

Ventilated Cages - see "animal cages".

Ventilated Hood - hood covering entire head, pressurized with conditioned
air by same hose system serving ventilated suits.

Ventilated Suit - pressurized outer garment, including head, hands and
feet, supplied by hose with conditioned air, worn in areas of
high risk from infectious aerosols such as some animal.rooms.

Ventilated Suit Area - area of high hazard, in which workers are pro-
tected by ventilated suits, and which is separated from adjoin-

ing area of lower contamination risk by various barriers to
spread of contamination, including chauge room provided wi.th
disinfectant shower..

Vermin Proof - see "rodent proof".

Viewing Panel - fixed window suitably sealed into an interior wall OL

door between two areas of different contamination level.

Viewing Window - see "viewing panel".

Waste Air Incinerator - see "combustion air incinerator" and "electric
air incinerator".

Waste Collection Tank - see "waste collection treatment unit".

Waste Collection Treatment Unit - a waste collection and treatment unit,

generally serving one building, consirting of a ..l.li
the contaminated liquid waste is collected, sterilized or
pasteurized by steam, either continuously or batch-wise, and
discharged to the main contaminated wast system. Commonly

called "blowcase".

Waste Piping - unless specified as "sanitary", refers to piping handling
contaminated waste.

ZY661
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21, Air Filter Modium WMW-21 7 Jun 63

22. Freeze Dryer LJD-22 19 Jun 63

23. Unitary Air ConditicnLr EJS-23 21 Jun 63

24. Air Supported Structure FBR-24 9 Oct 63

25. Walk-In Refrigerator RWS-25 23 Oct 63

26. Air Handling Unit and Exhaust FaTt RWS-26 23 Oct 63

27. Lab. Equip. and Utilities for Mobile Lab Unit 1GC--27 Nov 63 .

28. Air Incinerator, Pur W02799, Req. 4184 RWS-28 13 Dec 63

I 29. Exhaust Fan JDN-29 16 Dec 63

30. Walk-In Refrigerator RWS-30 17 Dec 63

31. Chamber RMW-31 19 Mar 64

32. Oil-Free Compressed Air System "wI--32 3 Feb 64 r 14

33, Siugle-Phase Cony. Distribution Transformer RJJ-33 26 Feb t4

34. Inflatable Structure, Transparent FBR-34 11 Mar 64

35. Laboratory Type Doors WEE-35 19 Mar 64

36. Pathogen Chamber LMJ-36 8 Apr 64

37. Walk-In Freezer RWS-37 13 Apr 64

38. Comb. Air Pressure Blower EJS-38 17 Apr 64

39, Ultrasonic Cage Washer AAW-39 17 Apr 64

40. Lab Sterilizer, 20 x 20 x 36 EAB-40 17 Apr 64

41. Carbon Dioxide Incubator RWS-42 19 Apr 65

42. Single 1'hase Conventional Dist. Transformer JSB-43 5 May 65
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_ __APPENDIX B

MICROBIAL DECONTAMINATION

[ B-O0 INTRODUCTION

* Every infectious disease laboratory uses a variety of physical and
chemical methods for sterilizing, disinfecting, sanitiziug, and decontami-

nating equipment, areas, materials, and personnel. These various physical
and chemical procedures and treatments) unigue to the infectious disease
laboratory, have a decided influence on many phasds of the design of these

laboratories.

The word "decontamination" is a provincial term used at Fort Detrick

to describe all sterilizing, disinfecting, sanitizing, and washing proce-
dures. The word has been extended from its true meaning and usage in the
Chemical Corps which means: to rid of poison gas. The word decontamination
will be used in its broadest sense here to mean: to free of contamination.
This freeing of contamination can be accomplished by washing with air or
water or by any of a number of physical or chemical methods.

B-01 DECONTAMINANTS I
The design of equipment, materials of construction, and arrangement of

facilities may be affected by the dccontaminants to be used in the facility.
The various physical and chemical methods of decontamination applicable to
the infectious disease laboratory may be classified under one of four main
headings: (a) heat, (b) liquids, (c) vapors and gases, and (d) radiation.

A. tteat

Heat, either dry or moistL, is the most effective method of in-
activating microorganisms. The exposure times and temperatures required
for sterility ... known and can be r-adily controlled. The steam-pressure
autoclave is the most widely used mechanism in the laboratory for steri-
lizing materials. There are two general types of autoclaves in use. 'The

standard autoclave is operated at 15-20 psig (121-1271C) and operates best
with a source of steam between 50-60 psig at the sterilizer. The steri-

lizacion cycle varies from ½ hoor to 3 hours depending upon the size of
the autoclave and the load. Basic time-temperature requirements for
accomplishing sterilization in saturated steam are: 4

15 min at 250°F (1210C) - 15 psig steam
10 min at 259OF (126°C) - 20 psig steam

3 min at 273°F (134oC) - 30 psig steam

11igh-vacuum, high-temperature autoclaves will complete a steri-
llization cycle in from 8 to 17 minutes. Hiigh,-vacuum autuclaves are evacu-
ated of air to less than 20 rmm of mercury and then steam is introduced to

"33 psig (27TF) . The vacuum may be produced by a vacuum puamp or steam

2,/66 6
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ejectior or by a cob a.tnof both. This hi gh -vac~iuum, shlort -cycle" aulto-
Clave. not only gives a 4 to 5 1 ines speed-up in pirocessing maiteýr ja s, but
the shorter cxposuvo period is l(2ss daMagin~g to i-ubbur goods, fabrics, and
othier Inaterials, A 100 psig steam service is required to o)perate the
steam ejector.

Electric air incinerato-rs of 15 cfm and 100 cmti capacities and
oil-fired incinerators of 2,200 (-fil and 6,000 cdin capacitie.s are described
in Soct ioni 2, ll'AAC. As a general guide, the fol1lowi ug LeMperatures and
retentiOn times can be used to steril ize air contai-inat~ed with heavy Con-
centrations of bacterial spores:

4250'F - 24 seconds retention time

4750F - 10 seconds retention time
525 0 F - 5 seconds retention timeI
5750'F - 3 seconds retentiont timej

B. Liquids
A

Hundreds of liquid germicides arc available under a variety of
trade niames. Most can be classified as halogens, acids, alkalies, heavy
metal salts, quaternary ammonium cowpounds, Iphenulic Compounds, Cresolic
compounds, a tdphydi compounds , ý% 1LUL 0 IS, a r, A01 11 ohOr ogan i ~' prepartions
None are equally UtseLUl or efftective under all condittions. There areý

many misconceptions conicerningv the use of liquid disinfectant~s that are
dUe largely to the fact that such liquids may perform dramatically in thle
test tube evaluation and yet fail miserably in a pract ical situation.
Failures often1 occur because too little consideration is given to suclh
factors as temperature, contact, pit, concentration, and thte presence of
organic material Lit the site of applhcatiOn. Smnall va'riations inl these
factors may make largo dif(ferences ini germiicidal eflectiveness.

In the decontaminiation ot rooms or othier laree areas after ac-
cidental upills or durijigr& rutine la-ptile 1mechauiecal removal of
microorganisms by washing is all iMpOrtanlt factor. For this reason, surl-
face-act ive agents such as quatcrnary ammonium compounds are often used
or incorporated with other germicider. Also, in thie dccontomiina ioni of
large areas, a decontaminant must be used that is activeý in low concent-ra-
tions. IL is obviouIs that 5 per cent phenol1 Would n1ot be suitable, be-
cause at that per cent, 166 lbs. of phenol. fox: cachi 100 gal . of water

Vwould be needed. This laYge amount of phienol. would ho difficult to pre-
pare and would be expensive. On thu other hand, hypochlorite solution
or quaternary amimonium salts in a concentration of 0,05t arc iinexpensive,
and the solut.ions are easily prepared. The quaternary ainaititnio compounds
are often uscd in large area decontamination because these compounds are
nun-toxic, non-corrosive, and have nto odor, . FurthermýVore, thley arc highly
sur face active so tha t thiey are goodl dot.orugent s ard cleaning compoundz;.

In some process devul opar,,nt areas whecre large aron:sof concen-
tratcd or dried materials arc processed, a piped ducontamiiination system

B3.3
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uay be i"stallod with outh'tc , hose, and spray nozzlt Is mounited in various
.stlategic locations, in mlany labov-aturie:s, a 3 gal. g'aidunl-type in etl(•ti-

cidal sprayer is maintained in a condition ready for use in the event of
an accident or for routioe decontaminat ion and cleai-up. In the event of
a spill, a pressurized spray should never be directed against the free ma-
terial because an infections aerosol wi£11 be formed. The area of the ,pill
should be gently flooded with the liquid disinfectant, which is allowed to
reraniin in contact with the spilled material for several minOutUs before
being washed into the drain.

Liquid disinfectant spray systems are often installed in pass.-
through boxes or air locks attached to cabinet systems so th;t materials
that cannot be autoclaved can be removed from the cabinet system. These
spray systems may use any liquid disinfectant including 2 per cent pera-
cetic acid. The most couruon use of a disinfectant spray system in a
pass-through box is for the remnoval of viable agent in a glass or plastic
bottle that is in turn hermetically scaled in a metal can.

Disinfectant spray systems also are used in shower rooms where
ventilated suits are worn. The surfaces of the suits are decontaminated

with a disinfectant such as peracetic acid as the individual leaves the
ssuit room.

C. yapors and Gases

A variety of vapors and gases are used in the biological labora-
tories for the sterilization of closed spaces. Ethylene oxide, formalde-
hyde, beta-propiolactone, and pecacetic acid are in general use. Peracetic
acid is included as a space disinfectant because it is sprayed as a fine
mist and is used to dccontziniuate ventilated cabinets, germ-free isolators,
and similar enclosures. Ethylene oxide is used to sterilize materials in
gastight enclosures such as autoclaves because ethylene oxide is an ex-
tremeiy activv ienckrating g3 5 and will s-cap vnrvifly through minute
openings. Ethyler, "xide is used in a concentration of about 400 mg per
liter (0.4 oz. per c, ft.) with an exposure time of about 4 hours. It
has become standard practice at Fort Detrick to load autoclaves for ethy-
lene. oxide sterilization in the late afternoon and allow them to stand
overnight, which gives an exposure time of about 16 hours.

Formaldehyde (37 per cunt solution) is generally disseminated with
steam in a concentration of 1 cc of formaldehyde solution per c". ft. of
space. The formaldehyde solution generally is mixed as five parts of
formalin solution to three parts of methanol. This aids in preventing

polymerization of the formaldehyde during use.

Be ta-prop, iola,'ton (h,) is disseminated with steam in 3 manner
sirmilar to the methods used with formal delhyde. The BPL most be well

vaporized to prevent t,,.itic ls o! Ell. liquid frole Jalling or stir [aces
because BPL in the liquid state is a good solvent icr organics. The AP. is
diMsemiratcd in a concentration .A one gallon for each 16,000 cu. ft. of
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lrORFIDETRIGIK APENI r
DEINCRITERIA 11-01 I)

mjove the paper at a1 cont~rolle,.d rIte past four, 15 Wat t U.VQ. latipsv (C,15T8
lamps,, West inghouse LEice. Coup) . Each s ide of thle sheet- rce ives tad ia -

tion from two lamps. Thle rollers arc. driven by a smaltkl 16 1rpm1 electric
motor that aioves the paper one inich each -3.25 seconds. Thej tota.l radia-
tioni received by the lpaper is about. 7,500 mlic'oWat t-iinutesý per7 sq. cm
or 4,500,000 ergs per sq. cm. This 1EV. sterilizer providecs a rapid
method of decontaminating single sheets3 of paper as they are passed froma
a contaminated to a non-conitamninated area.

Proper uise of U .V. as a dccontna~linatitug agent: requires ion eKa c t
understanding, of its limitations, This 2537A wavelength has little I)ene -
trating power and thus is most effective onl smooth exposed surfaces or Onl
microorganisms suIspendIed inl the aiv. Pcopeu. U .V. initensity, expossure
t ime, and lamp ma inteniance, are crit teal. The U A7. out put must be measuýIre~d
vi zIh a meter snethe emission of visiible violet. light does notL shiow
vim thur the lamp is operating at zero or- 100 per cent of capacity of 2537A

ene _y. The yccu mulation of dusL, di ý ,a ud C a. sko n u ta ?1 i

Tiiecefore, lamlps muist be cioar.Hd ait appropriate initervals to mitatirated

13-02 oiuRCtput. I O TUE MUIST COMMONLYUSE DEiONTAMiiNTiS WKtcu 1,A4Y AVECi.&

DE:S IOGN

A. Heat

Eve ry laborCato ry rooml or Labo) rat' ry SU iteQ will 1W0 eqt ipped w Lth
an aut oclave T. autoclave may beý a ficeD-stalkIdillg, sing"le do0or type or

a double. dloor type in~sLel ledl throiqghl the wall oi in a Clo'ss III cub iac t
system All It ins rem.iloved I.rem thle cabliuet. sys tetvIi wi1 ho st,.r iizied heu-

fre removal . All gl Iasswa re wi 1lI he otetLi IiZ bd bLu a icIt le3ve-s the2
LLLIboratLJy 1-00,111 O labi)OLfory suite. Genierally, auitoclaves will. he round,

16 in. diameter b)y 24 inl. or 36 inl., %.-i Ucl brat 1!;, qatypt 20 iuL

x 20 in. x 36 iii, or 24 in. x 24 In. x 3tt in. Avil~octilvvs may lie equipped
for atouifc oi pe tat ion 01 maly be mannua I h oper;ated. If manmal ly operttt d,

Lite. autoela1 vc Should hec eqitipptd withi a tempe nto iC2 reorer. ".:0iQ iLI tQ
c Iavc-.., ist1le~d inl a C tas I- 1111 ) ci re t May he! qO i d Wi th e'Ut letr .le I I5
opetated dooirs.

A glassware trl n OVLui -)1 a1 suit able. Size willi be instal led
¶inl eachi glas';wn41re washinig room. Cha:se twvei's arc u;e~d toslcriliize jlass-

W:1'are by e~xposur'e ofte glassar to 2'V( 100) ;-o fourý ho,_urs.

Airln- jcatr ag fr'.amI a I CJM siZe- to) (,000 cf~i. The 1
efin, 16 c.mi at'd 100 eLIm air incinlerators use e lct-ric hc~at cr5-. The 2 ,500

chnI m inc imnto r . oil-tI red -.1d1t tice largek 6,000 0 in 1 tl'ic lnr :it~ort ar'e

eit.her o ilI- fi red ory Itti I i 7k' %Ii 1110 I~l . 'litnitniu of a1il by) heat I-s cx-
*Peas!'ivu ai~d is lintlte12d Lo tho-Se si tnt ~kionS Vhici tile liii ' Is ,W Ittwa Ii he

L1',J,,iLof a-ir- is limitedJ to air thait icu,;ses thirough ternenrtorca or prok-

b.6



FORT DETRICK APPENDIX B
DESIGN CRITERIA B-02 A

ducti(:n vessels, air discharged from aerosol test chambers and air from
equipmrent and processes known to produce aerosols such as drying and
grindiing procedures. Because an incinerator does not "fail-safe", usu-
ally it must be preceded by a bacterial filter.

B. Liquids

Liquid decontaminants mqay be. alkaline, acidic, strong oxidizing
or reducing agents, or organic solvents. These may affect design or
mnterials of construction. Some of the physical and chemical properties
of the most commonly used liquid decontaminants are as follows:

1. Phenol: Phenol is aenerally used as a 5 per cent solution
against vegetative type bacteria, some pathogenic fungi, and some viruses.
Ic is not effective against bacterial. ijpres. Phenol (or carbolic acid)
is a white crystalline mass wit-lh a very characteristic odor. It is solu-
ble in water to the extent ,of about 7 per cent and is highly soluble in
most organic solvents. I.t is tuoi• .whieni in1gested miud can be absorbed
through the unbroken skin. Phenol reacts readily with many compounds to
form resins, dyes, and other organic (:cmpounds. It is not corrosive to
metals at room temperatures, but at elevated temperatures phenolic com-
pounds will i.ttack a vr-riety of metals. ini tCie laboratory, equipment
Ssuch &s pipettes and syringes are likely to be discarded into a pan of
phenol so)lution and at. the conclusion of the work, the pan of materials
may be ste,.'.lized by autoclaving. If metal objects are also present in
the phenol solution, some damage to the metal may take place.

'2, Bypochlurite: Chlorine compounds we.re first used as chlori-
nated soda solutions in 1825 for the treatment of infected wounds and the
purification of drinkinr; water. Chlorine is an ictive germicide against

all microorganisms. In tire Biological Laboratori es it generally is re-
served for use against bacterial spores. As a rule sodium hypuchlorite
is used in a solution to givuc fOr.o 500 tL !;,,,n p ,131!1 1. ab chlorine.
Common household bleach contais 5.25% (50,000 ppm) of available chlori,
and can be diluted I to 10 to give a, elfe'tive sporocidal solution.
Chlorine is a stiong oxidizing i'geit :,.'( attarcks practically all metals.
Organic chlorinated cumpounds and clihlo.i in compounds maintaincd at. a high

pit are less corrosive to mecals, but are e'lso less effective sporocidal
agents. Polyviriyl chloride slh.et is resistant to attack by chlorine '

Solutions anid certain coatings such as epoxy rsins ore highly resistant.
, Surface active agents such as Nacconol or De)pone! C usually ar added to

sodium hiypoehlurite tslutions. These surface active agents make hypochlor-

ite a more effective sporicide especially against desiccated inicroorgan-
iSMs, but tbh corrosive action o• the soluiton is increased. Bare metals,

except stainless steel, should not bh exposed in thie labcratory. Suitable

coatiugs should be applied to 1i su•faces in tlhe laboratuoy that are
likely to E- damaged by expose;, to hyp,.hlot V,,: s,.lut i Inls. sowi .rtain-
less steel will be damaged by liypochluritc solutions if e:xposed for loug

~ periods of time.

2/66
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3, _uaternary Aummoniuma Compo nds: The cationic surface active
agents arc widely used as decontaminating solutions against, vegetative
type bacteria because they are non-toxic, non-corrosive, odorless, arLd
inexpensive. They are used in a 0.17. to 1% concentration of active ingred-
ient and are often used to wash and decontaminate rooms and large areas
by spraying. The quaternary ammonioum compounds (QAC) are wetting agents,
detergents, and emulsifying agents and are therefore excellent materials
for washing and cleaning areas. Although the QAC's are not corrosive iL
themselves, the fact that they are surface active and lower interfacial
tensions causes much more rapid corrosion to metals by water and compounds
that may be present in the water. The QAC disinfectants will cause oil
base Faints to become tacky and they may cause changes in some plascics
such as the polyvinyl chlorides by withdrawing the plasticizer from the
material.

4. Cresol and Saponated Tricresylic Acids (_Lysol): The cresylic
acid disinfectants are usually saponated and used in a 2% solution. They
are excellent decontaminating agents against vegeLative. bacteria and most
viruses, Corrosive action is comparable to that of phenol. The cresol
compounds leave sticky, gummy residues on surfaces and therefore surfaces
must be washed after using these disinfectants.

5. Cau',tic (Sodium Hydroxide}: Caustic solutions having a pH
above 11.5 are often used to inactivate bacterial toxins such as botulinun
toxin. Sodiumn hydroxide itn a 27% solution can be used as a decontaminating
agent against vegetative bacteria and as a 5% solution against bacterial
spores. It is highly regarded by the Department uf Agriculture as a
practical decontaminiant in veterinary research on infectious diseases of
large animals. It has been reported that a 10% solution is effective
against fungal spores. One of the chief disadvantages of using sodium
hydroxide is thliat all surfaces become extremely slippery. For example,
it is very difficult to grasp and hold a piece of glassware that is wet
with sodium hydroxide. Caustic solutions are relatively non-corrosive

to metals except aluminum, which is rLadily attacked. host plas-tLcs arc
highly resistant to caustic, but oil base paints are rapidly and exten-
sively damaged.

C. Vapocs and Goses

1. ýEthlene Oxide: At tumperatures below 50 0 F (101C) ethylene

oxide is a liquid atnd is a strong solvent for organics. uowvver, as a
gas in a concentration of 300-500 m~g/I no measurable damage to any equip-
mcnt or materials has'ever been noted. For example, an oscilloscope was
carefully standardized and evaluated and then exposed to ethylene oxide
gas for several days. No change whatsoever could be found in the oscil-
loscepe due to this exposure. Ethylene oxide is a highly flammable gas
that must he miLxd with aun incrt gas such s c•• r)on dioxide or the Fi counS
to form- a mixture that. isn. -Iut- utale in all proper Li on whit: n mito i,
with air.

" 2/66
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DESIGN CRITERI B-02 C.1

Ethylene. oxide i.s obtained commercially in a mixture having
the following chemical composition by weight:

Ethylene oxide - 12 per cent
Dichlorodifluoromethane - 44 per cent
Trichlorofluoromethane - 44 per cent

This non-flammable mixture usually is obtained in 16 oz. disposable cans
of the aerosol type. The method for converting an autoclave for use with
ethylene oxide in the 16 oz. disposable can is shown in Plate No. B.I.
The 16 oz. quantity is sufficient to give a sterilizing concentration in
small laboratory autoclaves. Several 16 oz. cans will be required in the
larger autoclaves. This 12 per cent ethylene oxide miiture can be obtain-
ed in almost any larger sized, pressure type gas cylinder for use with
large autocalves or use in central installed systems piped to autoclaves
throughout a building. (There are two installed systems in laboratory
buildings utilizing Carboxide (10% ethylene oxide with 90% carbon dioxide)
in use at Fort Detrick. These systems utilize an L'xpansion tank, a pres-
sure reducing valve and piping to all autoclaves in the building.) All
autoclaves equipped to use ethylene oxide gas for sterilization are piped
to the building vacuum system. A vacuum of 18-20 inches of mercury is

.rawn on the autoclave0 befor the ethylene oxide mixture is admitted.
. Generally, autoclaves are loaded in the late afternoon and allowed to stand

overnight, giving a 16-18 hour exposure time.

Ethylene oxide gas has become an integral and universal method
at Fort Detrick for the sterilization of electronic instruments, micro-
scopes, heat labile plastics and all other materials and equipment that
cannot bc subjected to steam-heat, Some materials, especially rubber, will
absorb ethylene oxide and release it slowly. Gas masks, rubber gloves,
rubber shoes and other rubber items that contact the skin and have been
sterilized with ethyl]ene oxide must be thoroughly aired to prevent serious
burn-like damage to the skin.

2. Formaldehyde: For more than 60 years, formaldehyde has been
used as a space disinfectant. Many methods have been used to disperse
formaldehyde in the air. Sin,:e formaldehyde is most effective at high

relative humidities and elevated temperatores, steam vaporizers or steam
ejectors are conveniently used to dispense the forinaldehyde. Although
beta-propiolactone has, to a large extent, supplanted formaldehyde for
room and building decontamination, fornmaldehyde is still the decontaminant
of choice for decontamination of filters, and some workers still prefer
focmaldehyde for room and building decontamination. For the treatment of
small areas such as a Class I cabinet or incubator room a small insect-
icidal gcneratur such as the hlydromist*: generator can be used effectively.

Many ventilated cabinets and building air exhaust filter plenums are
ecquipped with purumaucnt s team liue s aml -.Iteim ejectors for trea tmeýnt of

* Tempo Industries, 1651 18th St., Santa Monica, Calif.

2/66 _
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the cabinets or filters. About 1 cc of 37 per cent formaldehyde solution
per cubic foot of space is used. In making this calculation, any airflow
through the space must be taken into account and additional formaldehyde.

added to obtain the above concentration.

A modified smoke generator (M3A3) can be used to decontami-
rate buildings. Large amounts of formaldehyde can be disseminated in a
short period of time with this equipment. In using either formaldehyde
or BPL, the room or building need not be hermetically sealed, but all
exterior doors and windows must be closed. Interior doors should be openz
to allow free passage of the vapor. Forced ventilation systems either
should be shut off or airflow reduced to a minimum. Relative humidity
should be above 70 per cent. This may be difficult to achieve in the
wintertime without a central humidification system. Steam nozzles mounted
in the building air supply plenum and operated for several hours are a
satisfactory way to raise the relative humidity throughout a building.

If formaldehyde or BPL is to be used to decontaminate a
building, provisions should be made to introduce the decontaminant at
various locations. Each floor and each main hallway may need a supply
point. A four inch pipe, sealed through the wall and capped at both ends
when not in use, provides a suitable opening for introducing the decontami-
nating vapor. If the opening is at the second floor level oL higher, a
method for placing the smoke generator at this point must be provided.

Formaldehyde is a strong reducing agent and will react with
many substances. It is non-corrosive to metals. It has a strong, pungent
odor that can be detected at about I ppm, The maximum allowable concen-
tration for prolonged exposure is 5 ppm. Formaldehyde is tremendously
irritating to the eyes and mucous membranes at concentrations well below
its toxic concentration. The one great difficulty experienced in using
formaldehyde as a space decontaminant is its strong propensity to poly-
merize to paraformaldehyde. This compound releases formaldehyde gas
slowly from a white crystalline stone-liku cumpound that is only slightly
soluble in cold water. Bot water, alkaline golutions or scraping with
some instrument may be required to remove the paraformaldehyde. Three
parts of methanol mixed with five parts of forwalin solution will reduce
polymerization, The method of dissemination and the amount disseminated
per unit of space are the greatest factors in controlling the formation
of paraformaldehyde. If the temperature of the space to be treated is
above 75°F and the relative humidity is between 75 and 95 per cent, and
if a high energy generator such as a smoke generator is used, no para-
formaldehyde should be formed. In no instance should more than I cc of
37 per cent formaldehyde solution per cubic foot of air be used. Under
carefully controlled conditions, formaldehyde is an entirely adequate
space decoutaminant, Aeratinu for a few hours, preferably ovwrnight,

shou ld rid areaU Of formalduhyde vapors and allow re -cntry and work within
.•,,the treatedc area.

2/66
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3. neta-oProio1ictone (BP: Tile -echn'- for disseminating BPL

is similar to that for formaldehyde. BPt is superior to formaldehyde be-
cause polymers similar to paraformaldehyde are not formed and BPL is rapid-
ly hydrolyzed when in dilute concentrations. Aeration for one or two hours

is usually sufficient to allow re-entry into a treated area. The Chal-
lenger vaporizer, Model 510* is a suitable BPL generator for use in decon-
taminating rooms and small buildings. The modified M3A3 smoke generator
is the most effective means available at the present time for delivering
large quantities of vaporized BPL as in the treatment of entire buildings.
One gallon of BPL per 16,000 cubic feet of space is used. As with form-
aldehyde the temperature should be above 70'F and the relative humidity
above 70 per cent.

Some difficulties may be experienced in the use of BPL.
Vapors of BPL are toxic upon inhalation and erythema and vesication may
occur upon exposure of the skin to high vapor concentrations. Bulk BPL i
should be handled with the same precautions as a corrosive acid. It is
most important to wear rubber gloves and rubber hoots. A drop of liquid
BPL spilled on leather shoes which are worn for several hours will result
iit severe skin damage that heals very slowly.

Beta-propiolactone is at. extremely reactive chemical su that L
* care should be taken to prevent contamination of BPL during storage. It

is best to store BPL in the refrigerator. This greatly reduces polymeri-

zation. UPL is not in itself particularly corrosive to metals. However,
BEL in dilute solutions rapidly hydrolyzes to hydroxypropionic acid, and
BPI, may react with other compounds to form amines, alcohols, mercaptans,
acids, and water which may damage metals. Walls, ceilings, and floors

should be dry and free of condensate when BPL is used. Vinyl floor tiles
and paint of the oil base type will be severely damaged by BPL if drop-
lets of the BPL are impinged on these surfaces. Therefore, a Kraft paper
or similar covering should be placed over these surfaces near the BPL
generator where droplets of BPL are likely to fall oUL.

4. Peracetic Acid: This decontaminating peracid has been exten-
sively used in germ-free animal studies. The interior of air locks and
the surfaces of containers being moved into the germ-free animal chamber
are sterilized by spraying a mnst of peracetic acid, usually in a 2%7
solution. At Fort Detrick, peracetie acid (2%) is used to sterilize the
'interior of cabinets, the interior of pass boxes, the surfaces of contain-
ers being moved through the air lock, and the outer surfaces of ventilated
suits of workers leaviug ventilated suit areas. The peracetic acid mist
is set up with fog nozzles so that only a small amount is needed to steri-
lize pass boxes or ventilated suits.

Peracetic acid is highly efficient decontaminating agent,
but is must be handled with great care. Peracetic acid is obtained as a

* Z & W Machine Products, Inc., 30242 Cleveland Blvd., Wyckliffe, Ohio
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40%~ solution that also contains 5% hydrogen peroxide, 39% acetic acid
and 1%. sulfuric acid. On storage, peracetic acid slowly decomposes to
molecular oxygen and acetic acid. At 300C a loss of 1%. per month of the
peracid may be expected, At refrigeration temperatures this loss i
greatly decreased. Great care must be exercised in handling the 40%
peracetic acid. Temoperatures of 70-80'C or contamination Wi~th heavy ne ta I
ions will cause an exothermic decomposition with a rapid rise in tempera-
ture which may result in a violent explosion. Peracetic acid vaporizes
appreciably at termperatures above 500C giving vapors that may be explosive.
The flash point determined by the open cup method is 400 C. Once igniited,
the solution continues to bur~n. Stich a fire can be extinguished with
water. The 407. peracetic acid should always be stored in the container
in which it was shipped.A

The 2%. solution of peracetic acid iii routine use as a dlecon-
tamnan isno-flammable, no -toxc, and non-irritating to the skin. It

produces a pungent odor that can be removed with ventilation or through
sp)rnying an alkaline solution. 'No rc~sidutz remiains after using peracetic
acid. A 2%. solution of peracetic acid gradually decomposes so that fresh
solutions of 27% peracetic acid must be prepared at least once a week if
helid at roomn temneratutre.

Peracetic acid is a strong oxidizing agent and will attack(m.any metals and other materials that are subject to oxidation, Class,
~. mst lastcsaluinum, -uber, and stainless steel a-cc unaffected by

contact with 2%. peracetic acid. Peracetic acid shower rooms for decontimi--
nating ventilated suits should be lined With stainless steel ankd all piping,
valves, spray-nozzles and other fixtures shouldJ be of stai~nless %Leel or
plast~ic. The air exhaust duct from the peracetic aci~d showe, rouom sh-ould
be of stainless steel. and a water scrubber should be installed to remove

che corrc~sive peracetic acid vapors. The drain should be a sump typte
hoCfldp drain so thiat. the. liquids from showering can be well diluted with
th e wash water or ncutralized With alkaline soluti-ons before ishrgn

tothe building drain lines.

D.Ultraviolet Radiation

U!Lraý,Yiolet radiation at 2537A is used in air locks and door
barriers to isolate areas of differing levels of contamination withinu a
building (sce Plaite No. 5.1). Ultraviolet, also, is used onl animal cagQ
racks to prevent animial cross- infection and to pirevent escape of infec-
tious aerosols from the cage, (see Plate No. 4.6). Ultraviolet is used
ini incubator anid refriger~ator rooms anid may be Used to reducte extraneous
contamination in laboratory rooms. Shields anid louvers have been1 designed
to preventL CexSSive eye' expouVre to personnl0 working% in areaZs W11cre
ultraviolet is in use (see 11late~s No. 4.7 and 4.9). Ozone genierated by
ultraviolet lamps is cxtretie ly reactive anJ will causke rapi~d d(Leri-i~a Oidon

in rubber, plast ics, paint, and mauny other materials. 1however, ini any
area with even a small amount of ventilation oxoue w~ll be dissipate
anid will not be a problem. Ozone is considered to be toxic inedacii:ci

2un6 n
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tration exceeding 0.1 ppm for an 8 hour exposure. Ultraviolet radiation
will cause microscopic crazing of sheet plastics such as Plexiglass, which
will then become cloudy when the irradiated surfaces are exposed to steam
or other sources of moisture. In general, ventilated cabinets equipped
with ultraviolet lights should either have reflectors to prevent the
ultraviolet from shining on the plastic window or glass windows should be

used. Ultraviolet will bleach oil-base type paints, and will accelerate
the aging of vinyl plantics.

All surfaces in ultraviolet air locks and the interior surfaces
of door barriers should be painted with aluminum paint to give good re-
flectance of ultraviolet. Aluminum is by far the best reflecting medium
for germicidal U.V. The following table shows the per cent reflectance of
U.V. radiation (2537A) from various surfaces.

TABLE B.1

R'flectance of U.V. From Various Suriaces

(Luckiesh & Taylor, 1946, J. Opt. Soc. Amer., 36, 227)

Per Cent

Reflectance
Matcrial of 2537A

Aluminum metal, etched and brightened ....... .. 88
Aluminum metal, bright rolled ... ........... .. 84
Aluminum metal, foil.. ..... ............... ... 73
Aluminum metal, Alzak-treated .... ........... .. 65-75
Aluminum metal, mill ........ ............... .. 40-60
Aluminum paint .......... .................. .. 40-75

, cat .......•. . .. 40-60
Chromium metal ............ ................. .. . 45-55
Stainless steel ........... .................. .. 20-30

Wall paper (ivory and white) .. . .......... 21-31
Acoustic plaster and wallboard .... .......... 10-20
Vitreous enamel ......... .................. .. 5-10

Kalsomine white water paint ... ............ 12

Alabastine white water paint ........ ........... 10

Average oil paints ........ ................ .. 5-10

White porcelain enamel ............ .............. 4.7

Examination of the data presented in this table emphasizes sev-
eral important points.

(I) Aluminum metals and aluminum paints arc the best reflectors

of U.V. en'Žr, .y. Intensive and prolonged exposure of aluminum paint does

2/66
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not seem to destroy its ability to reflect the radiation.

(2) Stainless steel is a relatively poor reflector f UN.V. energy.
For maximumr rcflectance, reflectors made with staiuless •teel or nov other
met.al except aluminum should bc painted with aluminum paint.

(3) Oil paints and sont, water-soluble paints are poor reflectors
of U.V. radiation. Reflectance depends upon the type of pigment in the
paint; ZinC oxide pigment usually gives low reflectivity. Oil paints
usually give from 5 to 10 per cent reflectance, and water-soluble paints
generally give froa. 10 Lo 12 per cent reflectance.

(4) W-hite wall. plaster has reflectance values of the order of
40 to 60 per cent for 2537A.

for Alzak aluminum metal gives high reflectance values and is suita-
ble for use as reflectors for U.V. lamps Alzak is a trademark registered
by the Aluminum Co. of America. The aluminum is first hri-ghtenud by an
"electrolytic method to remove surface impurities and then treated to pro-
vide a thin coating of aluminum oxide to prevent weathering. 2

A-
B-03 PREVENTIVE DECONTAMINATION

It* In all laboratorie.; in which studies with infectious microorganisms
are being conducted, decontam-ination Of the laboratory or of ateas in lhu
laboratory such as the work bench, ventilated cabinet, or floor will be

3•' carried out at certain intervals. The decentamination may be accomplished
after completing certain types of hazardous procedures, or decontamination
may be carried out when agents are chaaged, whereas other laboratories may
have a standard procedure of decontaminating at specified intc.rvals. The
design of the laboratory should take iuto account the fact that decontami-
mating solutions will be spread over most of the surfaces in the labora-
tory - The interior o0[ vent ilared cai tiertS, the tops of! ...-- i....e :,,A

the floor will be the areas mast often subject to duconitalnination. Lx -
perionce has shown tihat. carbonized birch bench tops will not withstand
washing at frequent intLervals with decontaminating soht tions. Steel stor- I
age cabinets must have centinuous enamel coatinigs and they tus t be can Ikled
or sealed to the wall arid/or floor. Li-ght fixtures, electrical switches,
and convenience outlets in animal rocms and certain other rooms as SpecL- .[
fied in Section 5-02, ELECTRICAL, will be water proof, Certain specified
laboratory rooms may have ultraviolet fixtures installed in the ceiling
of tie room which are turned on durin- periods of null-occupancy to redcle•
the general bacterial flora of the rmcto. Control switches for these I. V.
lamps will be located out side the laboratory roomi with a cobalt -blue i ndi-

cater liight

All laboratory rooms m1av, On occasion, be dkcontaminated with I,c ta-

.Qpropiolactcone. Whenl this is duny, the air: nupply tu the room wil I b.
shut off. A convenient metlhod of closing the louvers oui the air supply
grill(- srould be available. "ire1i room muplsjt be maLttained under a rruncci

B.214
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reduced air pressure during-the time that BP1, is being disseminated into
the room. The closing of the louvers on the air supply grille should be
easily and quickly accomplished because the reason for decontaminating
the room may be that an accident has occurred and a mininum exposure
time for the individual preparing the room for decontamination is desira-

ble. No other design features in the laboratory room are required to ac-
complish BPL decontamination, except that painted surfaces (wall, ceilings,

etc.) should be resistant to BrL. Common oil-base paints are sometimes 4
damaged by BPL droplets.

B-04 INSTALLED DECOPWTAMINATION SYSTEMS

A. Piped Liquid Decontamination Systems

In certain buildings such as process development areas where
large quantities of infectious materials are produced and processed,
there may be a need for an installed decontamination system. Quaternary ]
ammonium compounds such as Roccal or 11yamine 2389 in a 0.17% solution

generally are used, although hypochlorite solution (about 5,000 ppm) might L
be used during operations with certain microorganisms. A tank of about
400 gal. capacity that is resistant to hypochlorite can be used as the [1
decontaminant storage tank. Tf.is sto-age tank eau 'ie pressurizad with air Lr
to about 60 psig, or a pump with recirculating bypass can be used, control-

led from the laboratory or plant areas. The type of piped liquid decontami-
nation system with various outlets and standpipes will be spucified by thci
Gove rnmen t.

B. Piped Gaseous or Vapor Decontamination Systems

i1. Steam-Formaldehyde: Ventilated cabinets, air exhaust plenums,
certain rooms, and other enclosed spaces may require an installed steam-
formaldehyde decontamination system. This system simply consists of a
steam line that passes through a wall into the are ..a to be t.r.ted; imnedi-
ately before the steam line passes tbrough the wall, a steam ejector of

a suitable size is installed in the line. A valve is placed in the line
before the steam ejector. A large air exhaust plenum may need a 40 psig H

steami line with a three-quarter inch steam ejector. A .gle ventilated
cabinet may need a pressure reducing valve in the line to bring the steam
pressure down to about 5 psig and a one-half inch steam ejector would be
satisfactory. In operation, the steam is turned into the chamber to be

treated until the relative humidity is raised to about 80%o. Then formal-
dehyde solution is allowed to be drawn into the steam ejector and dissemi-
nated into the chamber. About I cc of 37% formaldehyde for each cubic
foot of space plus 1 cc for each cubic foot of air being exhausted is
injected. If a flowing air stream is being treated, then I cc of formal-
dehyde for each cubic foot of air being exhausted per minute is injected
each minute for a 30-minute period.

2/66
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2. Beta-Propiolactone: BPL can be used in the same manner as

formaldehyde in the installed steam decontamination system except that
I cc of BPL for each 4 cubic feet of space being treated is used. In

general, formaldehyde is the preferred decontaminant for treating deep-

bed, spun-glass (high-efficiency) filters.

2/66
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EXISTING P~RESSURE-VACUUM GAGE

LABORATORY
VACUUMýýCAN -OPENER W/I VALVE

LINE

AUrOCLAVEý ,' ......

STEAM SUPPLY.~

CONDEN~SATE . ~.
DRAIN LINE ~ < '

.&44,

A IRAPrF L E MUST BFý INSTAULLED WHERE THE

"GAS ENTERSM THE: CH AMBE:R. IN DOUBL.L:-OOOR
A UToCL-A vE S w HE R F NO SAF FLE EXISTS, THE
GAS MIXTURE M UST E NTER THE JACKET. NOT
GO DIRECTL~Y INTO CHAMBER.

MODIFICATION OF AN AUITOCLAVE7
~ZI66 FOR USE WITH CANS OF FREON--ETHN'LENE OXIDE PAE O .
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APPENDIX Cj

PIPiNG 1UATERIAL, GUIDE

1. General: The- material included jin thz folio'in Pin n Wtra ede

is to be used as a guide o)nly. The information will apply in the
majority of cases buti each application should be individually evaluated.
An example of this is the question of substituting eccenitric plug valves
for diaphragm valves in contamin-ated dra~n (CCD), veýnt (GV), an-d contami-
nated water (CC14i lines.

2. Specifications anid Staindards

a. Federal Specificaitions (use current edi ties,)

GG-T-321 The rmomete rs; Industrial
71U-l-C-5J6 Compound; tlmia- xor-etn

Hl--G-l01 Gaskets; blecallic-Encaiad
HH-G-116 Caskets' Plumbing-Fixture-Setting
HH-1-523 Insulation Block, Pipe Covering, And Cameuc, Thermal,

Calcium Silicate (for TemperaLutes upI to 1-200 0 F)

1*1-I-561 Insulacion, Thermal, Asýbestos, Block and Pipe Covering
(for Temnieratcuces up Ln 7500F7)

111--1-562InuainThraM,-rlWoBckr BoardI

and FieInsulation (Moldel Typo) j

QQ-L201Lead Shieet
QQ-S571Solder: Lead Alloy, Tiu Lead Alloy, and. Tin Alloy;

Flux Cored Ribbon and 1'rand ,,-lid Porin
SS-A701Asphalt-Primet; (or Roofi-ng and! WaterproDnfin"'
SS-P361Pipe, Clay, Sewer
SSR41Roof-Gnat lug; AsplialLt, Buhn-ossec

TT-V-1 Varish;AsphaltL
NWT-F-406 F? geDircensionis, Standard: (Claisses,, 125 and 250 Cuast-* $Iron Flanges ; Classets 150, 250 and 309 Bronze Flange--s)

(for LandI Use)
141W-11 -17 1 Hungers and Supports, PipEý
1W11-N-3 51 Nipples, Pipe Threaded
WW-P-351 Pipe; Bira zss. Seamless; Iron-Pipe-Size, Standard a--J!

Ext~ra-Strong4
MW-P-356 Pipe, Cast-Iron; Urainage, Venlt, anld Wcaste (Threaded)

t W~1W-P-37YJ Pipe,; Copper, Seamle~ss, Stanidard
WW-P-401 Pipe andl Pipo-Fl ttings ; Soiil, Cast-Iron
I1MU- P- A404 Pipp, Steel , (Seail s and Weldted, 111 ark an~d Zinc

Coated (Geilvanized)it WW-1'-406 Pipe, Sel(Seamless and Weldedl) (for ordinary use.)

C.1I
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VA4- V-I4 2 1 Vi pe I Ca Ii -11t ou 'vez.suru I(or 14.1t vI a IId1 Ot 1 Li (Ids)
V1q -V-410 4 1 Vio I 14WioLht 11 on (Wo 1ded B~lack or "inC-Coaited)

a u d 7 50 - Vo k IIL
NWW-r1- 4 11 Vip lFit, f C i ugs - lkhii rli Lock Nut N and Vhltgs ; brass or

lcov, I roti or St ct, I, atnd A Iukminum; (Scrckkw.-d)

WW - P- 50 () L ' I ; Fi t tnp C. So t -1. V011 SC I iove 125- 410-1 250O- Pound4
WWP -2 1 Pi pI'v- Fi t t ings; MNa 1 1 n Ic v ron, W rougiht. Iron -Ild SIteeII

(Sc w )15-un
IN- 1 -' Vi,~ 1I Plwill LLnA 1'iXLtIrci, laud 1kwO
WW N-T- t~) 1) ps 3t ecam, TIe IL'mSL a t or c ( o or Il-aud Uz;C)

WW-F -700 TueAluminumw AlI .'y, TI11V awn mnil "--.l ,
UW-*r*- 19 1 Ttibes , (X j.ot , Svitifless , 6000 P.S .Maximmu I'ressure
WW -T- 799 TUbing CppV_ SkIi-nte SS ( Eur 1,16 With Soldere-i or

N -11- 51 bI O in 11 a 1IS 0) II xot;t', POI (I Pun
IN64- U- 53 1 Un iOnl, P1 i pt I St vQ I orM iIa i oab I v I rwi, Thre aded ri pe

Contuect.itn, 2L50 P. S. 'I, 'ASP: 500 P'. SI.1. WIC, (Coid,
14W-V-SI Non o n k)
ww-v-51 Valves- 1hon.~e. Angle , Check and GlIove, 12.5-and

50-oun ,S .rew ad 1'1 go (nr ad 11 SV

1MW V 54 Va Ixe , SMil vz (:.It k. I 25-ond 1510 Vlitnd; Sci ewtd and

Flntliged (For Loud U-;1)
WW-V IIVL--;, Lz -1knG t 1 5 a d PO Iv d S -o

aw'l Ft' 125-and 1(For;t;LlLI S11;wcd

CC -ul*1i ls1 1~ log'11-10s 'mTapI ecI iot Ltei.v Li--ktý ive ntI.'i

i-llF 1o ' I i "a t ug;,itaui rne, rd

MI. -A--2 33i0 l-i t lotw_ FhtdI'lq; Io ndSce
N - ) I )i)D I di ns Ni cI~iC em uw Ca on AII

118 1,F I- kl' Pip' ist . OLe. C;1 St VCL I% (:Ln ist. log amies

i-ilL~ t' L0 I i p', 1it U11 S i N U I m b tt1 Q17- il ~''I. ,hg mat
V'I- 1it t it ~ Ili '):hlet an sklc
Ve.: di It"s Hr i c e 1 , 'I'tI OM itM I I Linl 1% kly I u At nt

Si ato tl I J a o I It, mi kn I 111' it it it
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d, Am:rLo cav Soc i f r T vIt in tiv teci La C.

A- 5_ - 57T Speccif i czt io .tox Wvh Idu d ind S~uatvi-ds St.(_cl Pipe
A- 72, 56T Spec if ica tic-~ Iotir VvuuIded Wrotight Irvon P'ip,
A-161-57Tr Specil iezi£c'u. foe Fovg'd or Rollod St(!el Upe FlangfeS,

A. 234-57 Fit:Likngs and Vdi.'e7S &tnd hutis fun Cukl~er-Il Survicc Ifp
A. 34-7T pniwiicat ion for IA.-t~ovy-Maee Carbhon Srteel ane lFevri tiC

u. Amie~ric.it Statndard,4Asqociat~iuii

B I 1L9_1951 Steel But~t Welding Fittiung-
13 IC-.10- l9-S7 Face. ro FaLce and t'rL..u End biin~enz~ious of

FerrOLus VUlVes
h 16.12-1951 ~Cant: ircit Scz-;wed Dtaivinge Fittings
B 16..) 2- 11)5 5 VWroLlht. Cuppe r bvcllze So der Jo~int 1`ý t tir~gs
IA 18. 2. 19 5 SqUal'll aVILI Hexagon iBolts end V%%ts.

~c.3
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3. FPjjting St-liduti TheŽ index numbers i~n the followiný' txibulatioll rufer Lu

thc ý-pee ification details starting on page C. 9,

Lo) ::c 0r n:tC3 % V s

r-4 0'- Q-4 -C0 0'--0
C, C- C". 0 *-) C) '0

Strainers aý00 C ý

4JC, A.4 OO

o0 CO.1 0 0 C :

V lcs00 00 000 00c0 D D0

-4 n r- r - q L - 4 fnt 1

Va r-4 r, r-.C .0 '4.

Shuipef C-)0 00 10 C )L )0.4 I LI
C' 4 1 1 -4 CN c ( 0 -.L
w 0 LD 0 0 C0 '0 Cý C) C,0 C

0 , Uc) C.) 0C ~ 0

* 1-4 ~ j)-4

(U 1x C!, 'd w~ -

-4 'ut r- '0 -4'U T

C) U~l Q) uj' wO0 0 Q)i u Q-

U 4 0 - - )0 Vi- 0 1 01 i< 0 Ij 0 0C '

0. 4-, (-) ac3 4J -4 &J 040

W ) i >~~r tol _j, 0r cj
Ic 0 N 0 > .. 40 "A C3 Q 

4
) -- 4 Q) a) I ~ Q l -'

tj ~~~ *-o :j m . ) ; 1 .

C V)0 W) L,- C

4-, 4 W (1 C) o () 't V 00 4. 0
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Jo nt . C .Q ) (65 0) o Cj CU

Strainers CD 0 -10 0 0 0CPC

CekCD 0 0 0 0DC Q0C 0 0 0 0

Va0e OL 60 o 0 0 0 o)0ý 0 00 00 C0C

Thittings DC)C 00()C C->

L.f( -4) (Nj.- CLJ-- C -C4

Pipeof 00Q 0 0 C:> - 0(D - C 0 0 0 00 (D 3-

Valves 'A') 'C)D ý . 'tý \ 'C 'C)%01

C)'C) QCI 'CD GJ' C)t C1

CV0 -4) ir 1 (" 4C
0C) 0)'C) (D**CD C3'C 0C C.j) 0 C)-Dcs(D ý (UCD

CUn') CJ-,--4 J*H(U--4Ci) CC U V) CIi I -
L' DC ( , C) ( D 0 )0 < 0 () C)

(U Q)w t ) Q) :' a)i U: - n

"0 Q) 0)Z 10. Q) V )I )T
'- d L)JL J 43 ) ý C) ).4 ou Cr D ( 0) 40 )

ý_ LI) .,) W ,i U~ co i: V) V)i

'4

-1' ýD zýx, ý

2/m6 CI)u)
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Jointm a (n •: M 110 • .
01-4 1 -4 0 D Or-i 0r-i

s ~Joints ') *J Ca)C Ci k -W -C)*

(N -4

Strainers o-

Chuck 0C

0 00

(,.Valves 00 0 co 0 00 o co

Throttling e1 N-

Valves r,. r-r-

Shut-Off O(N N- (N o. -4 0 -1 1-4 v,

Valves 1.0 .0 00 ,. \0 •0 1. %o \D

S4 -4 1-4

IUnions 0 0

C ,--4 -. -4 00 co 01 00 00Fittings .CD

(N04 04 -4 CO CO C1 NC4 C11 ( -4 ("

c14 -A c;- i • 0c ly t- - co 0 0 C4 ,--q "A' C-13I
9- o (_) 0 C.) 0 ,-4 (_3 0 0 C0 C1 • -

Pipe 0- 0....---i

W' a)', "T a) C •O .,U -,4

v-- --4 c- -4 .- 4 I-

cr (12 V') Ps
(1)t 1-4C) 14(C (1 -4 a) C $4

5 ,) > :- > 0 ,w >"

-t n oC) C 5 0 )1,'- u U CA

W4 'P- 00) 'Q -e- WJ~ N

MC ( (U XCC 0)2 QC 0J- H ' .-

S0 C) 00 *Z * 0 1460 b-: CC 9)

00 AN -0

EL co CU toF

C. 6
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I..

Joints_ _

Strainers

I Check ('1L4 Z - -1'-
V a lv e s 0- O o 0 i .

Throttling
Valves

Shut-Off 1- - -4 -4 -4 o D 0 Q - - r - -4

Valves ýD I' ýc %r DI D %.)\ .

Unions

Fittings

(0 C-4 -4 CI-A- ('1-4 (-4 -r--• 0 1-4 C -I

-. 00 00 00 0 0 - 0 4 - 0C0

CA7 All ~ "0 al

>- 0) > 0) >• 0q1 0 " 0 0 > • •J

I, ,X W ,v

CN ~ N C4 C NIA CN r-.4 C-4 Lf) I-

,.4 p - •L. D

-4 ~ ~ ~ ~ ~ i aC.4ý Z ( _

i c

h .l , :1 1:1 w d.j"c

Ic4 A
rj) i4 i4 H i) Q ii0) (Ud 4_1 AIJ q '
ý4 $4 4 QJJ 4J PC E((JO()

M~~~~ 00 0, ci o o ci to 0

r- .W 74t D w ) -
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NOTE NO. 1: All air, gas and vacuum lines may be silbrazed. Socket weld
fittings.

NOTE N10. 2: Upon the approval of the Government, piping for cold and hot
water, vacuum and air for connecting the horizontal service
piping behind the laboratory benches to the service outlets

may be copper tubing as described in item 1.06. The using
agency shall be advised, however, that water transported
through copper tubing may contain traces of copper which could
interfere with bacterial growth.

NOTE NO. 3: Nipples for both steel and wrought iron pipe lines shall be
extra strong wrought iron nipples.

it~
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(1) Piping and Tubing:

1.01 Schedule 40, butt or lap welded, Grade A black steel, ends
beveled for welding. ASTM Spec. A-53, Fed. Spec. WW-P-406.

1.02 Schedule 40, butt or lap welded, Grade A black steel, ends
threaded and coupled. ASTM Spec. A-53, Fed. Spec. WW-P-406.

1.03 Schedule 40, galvanized steel, hot dipped, ends threaded
and coupled. ASTM Spec. A-120, Fed. Spec. W-P-406.

1.04 Schedule 40, Aluminum type 3003-H18, ends threaded and coupled.
"1.05 Seamless copper tubing, cold drawn, soft annealed with bright

finish, ý" and 3/8" O.D., 0.035" wall, ASTM-B68, Type PUP.

1.06 Seamless copper tlbing type "K" Fed. Spec. 14W-T-799.
(Note-e-This election for laboratory use requires using
agency approval.) All copp~er tubing used in areas subject
to washdown and decontamination procedures, shall be plastic
coa ted,

1.07 Schedule 40, wrought iron, black, ends threaded and coupld.

A~1 Fed, Spec. WW-P-441.
1. I08 Schedule 40, wro,,ght iron, black, ends beveled for welding..
1.8Fed. Spec. WW-P-441.

1.09 Schedule 40, wrought iron, galvanized, ends screwed and
coupled. Fed. Spec. WW-P-441.

1.10 Glass pipe, pyre>x cype, double tough.

1.11 Seamless copper tubing, soft aikueaied witLh b-fiit fi..i..h,

dehydrated and sealed for refrigeration service, Type DIPV,
ASTM-B280, .

1.12 Schedule 5S, type 347, stainless steel tubing, ends square

for heliarc welding.

1.13 150-pound cast iron, bell and spigot joint, lead sealed.

(2) Fittiogs:

2.01 Schedule 40, seamless steel, butt welding.

2.02 150-pound malleable iron, screwed, black.

2.03 250-pound cast iron, screwed, black.

C.9
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2.04 150-pound malleable ironl, screwed, galvanized.

2.05 Seamless brass std. weight, compression tylle. Tees shall be
wrought copper solder type.

2.06 Cast aluminum, std. screwed,

2.07 Cast bronze or wrotight copper, solder joints,

2,08 Schedule 40, wrought iron welding fittings.

2.09 150.-pound cast iron, bell and spigot joint, lead sealed..

(3) Flanges:

3,01 150-pound forged steel, slip on, ASk Spec, BI6e.

(4) Unions:

4.01 150-pound malleable iron, screwed, ground joitt.

4.02 150-pound galvanized hot dipped, screwed, ground joint,

4.03 300-pound malleable iron, screwed, ground joint.

4.04 150-pound cast aluminum, screwed ends.

4.05 Wrought copper solder type, standard weigjht.

4.06 Wrought copper, solder ends.

(5) Screwed Joint TreatmetL;

5.01 Alcoa anti-seize thread lubricant, or equal.

5.02 Red lead,

5.03 Key Graphite Paste, or equal,

5.04 Leak-Lok, insoluble in chlorinated hydrocarbonis.

5.05 Teflon Tape.

(6) GasketS: "I

5.10 Compressed asbestos - 1/16" thick.

(7) Bol ts:

5.20 Carbon Steel machine bolts, sq. head with hex. out -

ASTM Spec. A-107. Nuts to conform t.o ASTMI Spec. A-107.

C.io
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5.21 Carbon steel stud bolts, threaded fill length, ASTM Spec.
A-193-A, Grade BC. with two carbon steel hex. nuts per
b3lt, ASTM Spec. A-194-45, Class 2.

(8) Gate, Diaphragm, and Plug Valves:

6.01 125-pound W.S.P. IBBM, solid wedge, flanged, O.S.&Y.,
Jenkins #651, or equal.

6.02 125-pound W.S.P. IBBM, solid wedge, flanged, N.R.S.,
Jenkins #326, or equal.

6.03 150-pound aluminum gate, screwed, Powell #1859, or equal. l'j

6.04 125-pound all iron gate, solid wedge, screwed, N.R..S., 14

Jenkins #97, or equal.

6.05 150-pound all bronze, solid wedge, screwed, Jenkins #670,

or equal, see 6.06.

6.06 200-pound W.S.P. brass body, alloy steel trim, screwed, union
bonnet. (May be used instead of 6.05 on water lines.)

6.07 125-pound all iron gate, solid wedge, flanged N.R.S. Jenkins
#98, or equal.

6.08 150-pound brass gate, solder joints, renewable seat.

"6.09 150-pound bronze eccentric plug valve, screwed, lever operated,
"0" ring stem, seal, Teflon plug facing, DeZurik #104S or equal.

6.10 a. Saunders Weir type valve, ductile iron body, flexible
diaphragm, screwed ends, ductile iron bonnet assemby,
Grinnell or equal.

b. 150-pound semi-steel eccentric plug valve, screwed, lever
operated, "0" ring stem seal, Teflon plug facing, DeZurik

#102S or equal.

6.11 a. For use where steam is not available. 150 pound bronze ,
eccentric plug valve, flanged, lever operated, "0" ring
stem seal, DeZurik #I03F or equal.

b. For use where steam is available. 125-pound IBBT solid
wedge, flanged, N.R.S., with special steam seal bonnet,
Crane #461 special or equal.

NOTE: Steam seal bonnet to be so constructed that any
leakage around valve stem must go directly into the steam
"chest.

2/66
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6.12 a. Saunders Weir type valve, cast steel body, flexible
diaphragm, butt weld ends, ductile iron bonnet assembly,
Grinnell or equal.

b. Choice. 150-pound semi-steel eccentric plug valve, flanged,
lever operated, "0" ring stem seal, DeZurik, #101F or equal. 7

6.13 200-pound semi-steel, screwed, plug cock valve,

6.14 200-pound semi-steel, flanged, plug cock valve.

6.15 Diaphragm valve, Saunders patent, type 304 or 347 stainless steel
body, high-temperature diaphragm.

6.16 Valve, S.AE. flare fittings, diaphragm Freon type.

6.17 Valve, sealed bonnet type, sweat or weld ends.

6.1.8 100-pound bronze, nut tight gate valve, N.R.S.

(9) Globe Valves:

7.01 125-pound W.8.P., IBBM, flanged, O.S.&Y. Powell #241, or equal.

7.02 150-pound IBBM, flanged, inside screw, Powell #2188, or equal.

7.03 150-pound cast aluminum, screwed, Powell #1853, or equal.

7,04 150-pound all iron, screwed ends, inside screw, Powell #171, i '
or equal.

7.05 125-pound W.S. P., all bronze, screwcd, Powell #650, or equal,
see 7.•06. i

7.06 200-pound W.S.P., brass body, alloy steel trim, screw union ....

bonnet. (May be used instead of 7.05 on water lines.)

7.07 125-pound all iron, flanged, inside screw, Powell #493, or equal.

(10) Check Valves:

8.01 125-pound iron body, bronze trim, swing check, flanged Jenkins
#624, or equal.

8.02 150-pound cast aluminum swing check, ends screwed, Powell #578
or equal.

8.03 125-pouud W.S.P., all iron swing chcclk., screwed, Pow.,Jell V1668,( or equal.

2/66
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8.04 125-pound all bronze swing check, screwed, Powell #578, or equal.

8.05 125-pound W.S.P., all iron swing check, flanged, Powell #1259,
or equal,

(11) Strainers:

9.01 125-pound cast iron, flanged ends "Y" pattern.

9.02 125-pound cast iron, screwed ends "Y" pattern.

9.03 150-pound cast steel, flanged ends "Y" pattern.

9.04 150-pound bronze, screwed ends "Y" pattern.

*A
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